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PREFACE 

While  much  has  been  written  of  late  on  the  subject  of  nutrition  and 
dietetics,  it  is  widely  scattered  through  various  books,  journals,  pamphlets, 
and  government  and  scientific  reports,  which  are  not  readily  accessible 
nor  sufficiently  comprehensive  to  furnish  the  physician  with  a  foundation 
upon  which  to  build  a  practical  working  knowledge  of  the  scientific  ap- 
plication of  foods  in  either  health,  or  diseased  conditions.  Besides,  much 
of  this  matter  is  too  ultrascientific  to  be  of  practical  value  to  the  busy 
physician.  !^Ioreover,  in  actual  practice  the  physician  is  often  confronted 
with  many  cases  where  a  knowledge  of  the  approximate  caloric  value 
of  foodstuffs,  as  well  as  of  the  proper  kind  and  dosage,  will  be  of  far 
greater  value  to  him  than  any  knowledge  of  the  therapeutic  action  of 
drugs.  This  knowledge  is  beginning  to  sprinkle  down  upon  the  students 
of  nutrition  like  the  plenteous  showers  from  Heaven — too  fast,  indeed, 
for  assimilation — but  the  excess  is  being  collected  in  the  reservoirs  of 
trophotherapeutic  knowledge  from  which  only  those  who  understand  may 
drink  intelligently. 

In  order  to  understand  the  rationale  of  nutrition,  a  working  knowl- 
edge of  the  chemical  changes  which  the  foods  undergo  in  the  body  is 
necessary.  Therefore  the  body  must  be  regarded  as  a  human  laboratory 
of  nicely  balanced  chemical  reactions.  This  knowledge  of  physiological 
chemistry  is  so  essential  that  much  space  is  devoted  to  the  subject  in  Vol- 
ume I,  embracing  a  concise  presentation  of  the  fundamental  principles, 
including  the  most  essential  facts  of  physiological  chemistry,  with  a  brief 
but  succinct  description  of  the  digestive  organs,  explaining  the  special 
functions  of  each  in  the  process  of  digestion,  and  graphically  describing  the 
physiology  of  the  absorption  of  foods.  Without  such  a  knowledge  of  the 
chemistry  and  physiology  of  digestion,  many  of  the  statements  with  regard 
to  nutrition  would  convey  but  the  most  vague  ideas  to  the  reader. 

Life  can  proceed  in  a  normal  manner  only  when  the  body  cells  are 
supplied  with  a  well-balanced  dietary  suitable  for  their  needs.  This  de- 
mands a  certain  number  of  heat  units  or  calories  daily,  supplied  from  the 
ternary  food  elements  in  the  proper  proportion  of  protein,  fat  and  carbo- 
hydrate.    To  enable  each  cell  in  the  body  to  maintain  its  proper  place  in 
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the  human  edifice  according  to  its  architectural  specification,  it  must  be 
supplied  with  building  stones  of  a  proper  pattern.  These  building  stones 
are  the  amino-acids  contained  in  all  protein  foods,  whether  from  the  vege- 
table or  animal  kingdom,  although  the  kind  and  proportion  are  not  always 
the  same.  Biological  experiment  has  once  for  all  definitely  shown  that 
life,  growth  and  health  cannot  be  maintained  when  certain  of  these  amino- 
acids  are  lacking.  It  is  also  a  well-known  physiological  axiom  that  life 
cannot  be  supported  on  foods  deficient  in  inorganic  salts.  It  is  recognized 
at  the  present  time  that  something  more  is  essential  for  the  maintenance, 
growth  and  well-being  of  man  than  protein,  fat,  carbohydrate,  mineral 
salts,  etc.  Foods  must  contain  a  minute  proportion  of  certain  accessory 
substances,  which  Funk  and  his  followers  have  described  as  '' vitamines." 
When  these  are  deficient,  or  absent  from  the  dietary,  the  immature  body 
fails  to  grow,  the  mature  body  does  not  maintain  its  normal  state  of  health, 
and  in  any  stage  of  growth,  manifestations  of  disease  soon  appear. 
We  know,  for  instance,  that  fresh  milk  prevents  scurvy,  and  that  boiled 
milk  will  produce  this  disease ;  that  oatmeal  causes  more  rapid  and  greater 
growth  than  bread  made  from  the  patent  roller  process  flour ;  that  whole- 
meal bread  causes  a  greater  growth  than  white  bread;  and  that  deficiency 
of  vitamines  in  the  foodstuffs  causes  beriberi,  scurvy  and  some  other 
diseases.  Vitamines  are  beginning  to  be  regarded  as  a  sine  qua  non  of 
proper  nutrition.  The  subject  is  at  present  little  understood,  but  it  is 
so  far-reaching  that  it  involves  a  large  proportion  of  the  foods  of  civilized 
man.  The  lipoidal  constituents  of  the  diet,  and  the  role  these  substances 
play  in  the  life  and  metabolism  of  the  cells,  brings  into  prominence  certain 
groups  of  disease  due  to  phosphorus  deficiency.  Enzymes  and  the  striking 
specificity  of  the  lipoids  have  been  studied  of  late  by  eminent  physiolo- 
gists, and  the  insufficiency  of  certain  proteins  has  been  pointed  out  by 
Osborne  and  Mendel,  while  the  vitamines  have  been  most  carefully  studied 
by  Funk,  Macallum  and  Vedder  during  the  last  few  years,  all  of  which 
investigations  have  added  to  the  advancement  of  dietetics.  Since  these 
discoveries  are  so  important,  and  since  as  much  seems  to  depend  upon 
these  accessory  bodies — the  vitamines,  enzymes  and  lipoids — as  on  the 
primary  elements  of  the  diet,  an  attempt  has  been  made  in  Volume  II 
to  give  an  account  of  the  researches  into  these  subjects,  and  to  place  the 
results  in  a  proper  light. 

The  subject  of  dietotherapy  has  not  received  the  attention  in  medical 
literature  it  deserves,  neither  has  it  been  accorded  the  prominence  in  the 
curriculum  of  medical  schools  which  its  importance  demands;  therefore, 
the  subject  has  been  and  still  is  sadly  neglected  by  the  medical  profession. 
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Indeed,  it  is  one  of  the  most  deplorably  neglected  subjects  in  the  whole 
domain  of  medicine.  While  it  is  true  that  the  question  is  more  widely 
appreciated  than  formerly,  yet  the  average  practitioner  is  unable  to  tell 
the  exact  fuel  value  of  a  glass  of  lemon  jelly  or  the  definite  amount  of  the 
various  elements  of  food  substances  contained  in  a  pound  of  beef;  he 
might  not  be  able  to  recognize  the  necessity  for  maintaining  a  carbo- 
hydrate, fat  and  protein  balance,  nor  how  to  do  it ;  he  might  not  clearly 
understand  how  the  metabolism  in  certain  diseases  differs  from  that  of  a 
healthy  individual,  nor  appreciate  what  pathological  processes  take  place 
in  the  alimentary  canal  and  other  parts  of  the  body,  that  may  render 
digestion  and  assimilation  of  particular  foodstuffs  difficult  or  impossible. 
Functional  pathology  has  supplied  the  information  required  in  the  latter, 
while  the  actual,  calorimetric  study  of  metabolic  processes  in  disease  is 
illuminating  the  former. 

I  have  undertaken  the  preparation  of  the  present  work  with  the  pur- 
pose of  overcoming  these  shortcomings,  and  of  supplying  the  needs  of  the 
practitioner  of  medicine,  the  dietitian,  the  hospital  interne  and  medical 
student,  as  well  as  of  furnishing  a  reference  work  for  the  Domestic  Sci- 
ence and  l^urses'  Training  Schools. 

This  work  is  the  outcome  of  nearly  two  decades  of  laboratory  research 
and  clinical  investigation  of  the  practical  application  of  the  principles 
of  trophotherapy  to  the  science  of  nutrition  in  both  health  and  disease. 
The  purpose  of  the  work,  from  a  purely  therapeutic  standpoint,  is  to 
awaken  in  the  mind  of  the  general  practitioner  the  great  importance  for 
a  biochemic  study  of  nutrition,  and  to  encourage  in  him  a  line  of  inquiry 
leading  to  a  thorough  understanding  of  the  subject  of  tropholog\',  tropho- 
dynamics  and  trophotherapy. 

My  aim  in  presenting  a  work  on  this  subject  in  extenso  is  to  produce 
a  book  so  complete  that  few  questions  which  may  confront  the  physician 
or  dietitian,  pertaining  to  trophology,  trophodynamics  and  trophotherapy, 
will  remain  unanswered.  Recently,  nutrition  and  dietetics  have  been 
placed  upon  a  scientific  basis,  and  in  the  future  the  thoughtful  physician 
will  realize  that  a  knowledge  of  the  proper  kind  and  dosage  of  foods  is 
of  as  great  importance  as  any  knowledge  of  therapeutics. 

I  long  since  realized  that,  to  produce  a  work  of  this  kind,  compris- 
ing all  that  is  known  or  worth  knowing,  I  must  invite  the  cooperation  of 
specialists  in  the  science  of  nutrition.  The  authors  who  have  honored 
me  by  collaborating  and  by  writing  certain  chapters  were  selected  be- 
cause I  considered  them  thoroughly  equipped  and  able  to  write  authori- 
tatively upon  the  subjects  assigned  them.    Their  names,  their  reputations, 
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and  their  literary  productions  are  a  guarantee  for  the  quality  of  their 
contributions.  My  best  thanks  are  due  to  all  of  these  men  for  their  ready 
cooperation,  for  the  manner  in  which  they  have  carried  out  the  plan  of 
the  work,  and  for  the  time  and  labor  they  so  cheerfully  gave,  often  at  great 
personal  inconvenience.  The  readiness  with  which  they  complied  with 
my  request  for  assistance  has  rendered  my  own  task  an  easy  and  pleasant 
one. 

It  is  with  grateful  appreciation  that  I  extend  thanks  to  Prof.  W.  B. 
Cannon  for  reading  the  chapters,  ^^The  Mechanical  Processes  of  Diges- 
tion" and  "The  Hygiene  of  Eating,"  and  to  Professor  Donald  D.  Van 
Slyke  for  reading  the  chapters,  "Protein  and  Nutrition"  and  "General 
Sitologic  and  Mineral  Metabolism."  I  acknowledge  special  obligations 
to  Prof.  Carl  Voegtlin  for  many  valuable  suggestions  concerning  the 
vitamine  content  of  foodstuffs  and  its  bearing  on  pellagra.  Moreover,  I 
also  desire  to  express  my  obligations  to  Dr.  Harvey  W.  Wiley  for  care- 
fully reading  and  improving  the  chapter  on  Vegetable  Foods. 

The  citation  of  authorities  for  facts  that  are  universally  established 
is  not  considered  necessary.  It  may  seem  to  appear,  in  some  instances, 
that  scant  credit  is  accorded  to  many  workers  from  whose  writings  I  have 
borrowed  thoughts,  results,  sometimes  words  or  even  sentences  to  bridge 
the  gap  in  my  own  knowledge,  but  at  the  end  of  each  chapter  will  be  found 
a  numbered  list  of  references  in  loco;  this  is  followed  by  a  bibliography 
for  the  convenience  of  those  who  may  wish  to  go  deeper  into  the  subject. 
In  every  case  I  have  endeavored  to  make  suitable  acknowledgment  to  the 
proper  source,  and  if  this  has  not  been  done  in  any  instance,  it  is  a  lapsus 
valami,  and  not  intentional. 

W.  E.  Fitch. 

New  York  City. 
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During  recent  years  no  subject  in  medicine  has  received  the  same 
amount  of  considerate  attention  as  dietetics  and  the  study  of  nutrition. 
Laboratory  research  and  clinical  investigation  have  placed  Dietotherapy 
upon  a  scientific  basis,  and  the  thoughtful  physician  must,  now,  realize 
that  a  thorough  understanding  of  the  proper  kinds,  and  dosage  of  foods 
will  be  of  as  great  value  to  him  as  any  knowledge  of  therapeutics. 

The  rapid  progress  of  the  newer  knowledge  of  nutrition,  since  the  ap- 
pearance of  the  first  edition,  has  made  it  necessary  to  entirely  recast  and 
rewrite  the  chapter  on  Vitamines;  their  necessity  in  the  dietary;  their 
classification ;  the  foodstuffs  in  which  vitamines  A,  B  and  C  prevail,  and 
the  peculiar  action  of  each  in  the  intricate  process  of  nutrition;  and  to 
rewrite  anew  the  entire  chapter  on  Deficiency  Diseases,  including  Beri- 
beri, Scurvy,  Rickets,  and  Pellagra,  incorporating  the  latest  findings  of 
research  workers  and  nutrition  laboratories  of  this  and  other  countries. 
A  number  of  new  additions  have  been  made  to  the  text,  among  which  are 
Food  Preservation,  Dehydration,  The  Karell  Cure,  Oxaluria  and  numer- 
ous minor  changes  and  emendations,  throughout  the  work,  to  bring  it 
abreast  with  the  recent  advances  in  the  science  of  nutrition.  The  oppor- 
tunity has  been  taken  to  eliminate  typographical  errors,  and  to  change 
the  wording  in  certain  paragraphs  where  there  was  ambiguity  of  statement. 

The  cordial  reception  of  the  first  edition  of  this  work  has  been  particu- 
larly gratifying  to  the  author,  indicating  that  the  results  of  his  efforts  to 
awaken  in  the  minds  of  the  general  practitioner  the  great  importance  for 
a  biochemic  study  of  nutrition,  has  met  with  the  approval  of  the  profession. 
This  evidence  of  appreciation  has  added  greatly  to  the  endeavor  to  make 
this  edition  of  more  scientific  interest  and  practical  value  than  the  first, 
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and  if  this  work  should  by  chance  stimulate  further  research  into  the 
science  of  trophologj,  trophodynamics  and  trophotherapy,  the  author's 
most  cherished  wish  will  have  been  attained.  He  also  avails  himself  of 
the  opportunity  to  thank  his  colleagues  for  many  valuable  suggestions  and 
for  their  encouraging  commendation  of  the  work.  Acknowledgment  is 
also  made  to  Doctors  A.  B.  Macallum  and  Casimir  Funk  for  their  valued 
collaboration  in  this  revision. 

W.  E.  Fitch 
New  York  City 
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CHEMISTEY  AISTD   PHYSIOLOGY  OF  DIGESTION 
CLASSIFICATION  AND  ANALYSIS  OF  FOODS 

CHAPTER   I 
THE  EVOLUTION  OF  MAN^S  DIET 

Adam — the  father  of  mankind — came  into  life  fasting,  and  the  newborn  babe 
comes  into  the  world  crying  and  is  calmed  only  at  its  mother's  breast.  Eating  is 
a  necessity  which  has  led  to  cookery — an  art  that  has  rendered  the  most  important 
service  to  society,  for  it  has  brought  into  play  the  application  of  fire  by  which  man 
has  subjugated  Nature. 

Diet  Epochs:    Precookery  Period;    Precibieultural   Cookery  Period;    Cibi- 

cultural  Period. 
Changes  in  Bodily  Structure  and  Function  due  to  Evolution:  Modifications 

due    to    Diet;    Modifications    due    to    Evolution    from    an    Arboreal 

Ancestor  j  Teeth,  Digestive  Organs,  Mammary  Glands. 
Summary  of  Dietary  Influence  upon  Man's  Evolution. 

GENERAL    INTRODUCTION 

The  evolution  of  man's  diet  is  part  of  his  general  evolution,  and  diet 
has  had  considerable  influence  on  this  evolution.  A  work  on  nutrition 
and  dietetics,  therefore,  should  deal  with  the  changes  of  man's  diet  from 
early  times,  in  so  far  as  this  knowledge  may  be  of  value  for  the  prevention 
of  disease,  and  may  afford  the  physician  an  intelligent  insight  into  the 
many  and  diverse  disorders  which  proceed  from  the  consumption  of  un- 
suitable food.  This  will  be  the  object  of  the  following  resume  of  the  chief 
facts  known  concerning  the  evolution  of  man's  diet. 

In  so  far  as  diet  is  concerned,  the  mammalia  may  be  divided  into 
three  classes :  the  carnivora,  the  herbivora,  and  the  f rugivora. 
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As  the  name  implies,  the  carnivora  are  flesh  eaters  solely.  Since  a 
meat  diet  is  concentrated  to  a  high  degree,  the  capacity  of  the  digestive 
system  of  the  carnivora  is,  accordingly,  small  in  proportion  to  the  body 
weight. 

On  the  other  hand  the  herhivora,  which  maintain  life  by  eating 
grasses,  leaves,  and  the  like,  must  eat  large  quantities  in  order  to  obtain 
sufficient  nutriment.  Their  food  is  bulky,  the  reverse  of  concentrated, 
and  their  digestive  system  is  of  capacious  character.  They  eat  no  animal 
food.     The  horse,  ox  and  rabbit  are  examples  of  the  herbivora. 

The  frugivora,  to  which  group  man  belongs,  also  include  the  more 
intelligent  of  the  animals,  for  example,  the  squirrel,  rat,  monkey,  lemur 
and  ape.  Not  only  have  these  animals  more  acute  and  superior  reasoning 
faculties  than  herbivora,  but  owing  to  their  prehensile  powers,  they  are 
better  adapted  bodily  to  select  their  food.  They  exhibit  their  superiority 
by  their  cleverness  in  obtaining  food  in  more  concentrated  forms;  conse- 
quently their  digestive  apparatus  is  much  less  bulky.  Agile  in  brain  and 
limb,  they  are  able  to  procure  animal  food  which,  according  to  Dr.  Harry 
Campbell  (1),  is  "of  air  foods  the  most  nutritious.''  Squirrels  eat  eggs 
in  addition  to  nuts,  and  several  members  of  the  monkey  tribe,  as  well  as 
the  great  apes,  not  only  consume  fruits,  but  also  small  birds,  eggs,  lizards, 
grubs,  insects  and  honey.  West  African  monkeys  are  fond  of  shellfish 
and  oysters.  Probably  our  Pliocene  ancestors  lived  upon  the  same  sort 
of  food. 

One  condition  may  be  deduced  from  a  study  of  the  evolution  of  man 
and  of  his  diet :  namely,  that  in  the  early  stages  of  alteration  of  food  and 
habits  he  must  have  been  accustomed  to  a  congenial  climate  and  an  abun- 
dance of  the  food.  The  climate  suited  to  the  race  in  its  infancy  was 
tropical  or  semi  tropical  and  the  food  of  primeval  man  was  easy  to  obtain. 
Man  was  then  an  arboreal  creature. 

DIET  OF  PRIMATES  BELOW  MAN.— In  considering  the  evolution  of 
man's  diet  as  a  phase  of  the  evolution  of  man,  it  will  be  apposite  to  dis- 
cuss the  diet  of  those  animals  nearest  to  man,  from  anatomical  and  physi- 
ological points  of  view  as  well  as  habits.  Such  animak  and  man  are 
known  to  zoologists  as  coming  under  the  order  Primates,  and  include  the 
lemur-like  animals  and  the  Anthropoidea  or  manlike  apes. 

It  appears  likely  that  the  first  Primate  originated  in  North  America. 
The  great  group  of  monkeys  also  appeared  in  the  Eocene  era  of  North 
America,  and  later,  in  South  America.  Scott  Elliott (2)  has  pointed 
out  that  one  of  the  South  American  apes  enjoys  the  name  of  Homunculus 
patagonicus.    According  to  Macnamara,  even  at  and  before  the  beginning 
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of  the  Miocene  period  certain  apes  had  no  less  than  170  structural  char- 
iictcrs  in  common  with  man;  the  giant  apes  of  the  early  Miocene  j)ori«Ml 
had  150  of  these  common  characters,  amounting  to  over  300  in  the  mid- 
pliocene  chimpanzee-like  form.  Anion*;"  the  s])ecics  of  anthropoid  apes 
now  extant,  the  great  tailless  apes,  including  the  gorilla,  the  chimpanzee 
and  the  gihbon,  are  the  most  similar  to  the  human  species.  The  monkeys 
are  likewise  members  of  this  family.  The  baboons  are  the  highest  repre- 
sentatives of  these  and  the  marmosets  the  lowest.  Nuttall  has  shown  that, 
tested  by  the  blood  precipitin  test,  tlie  i^reat  apes  are  the  most  closely  allied 
to  man,  the  baboons  standing  next,  while  the  lemuroids  give  no  indication 
of  blood  relationship. 

It  is  more  than  likely  that  our  Pliocene  ancestors  ate  very  much  the 
same  kind  of  food  as  the  lemurs,  the  anthropoid  apes  and  the  forest  pyg- 
mies of  the  present  day.  With  respect  to  the  diet  of  monkeys,  in  the 
main  it  is  frugivorous,  but  partly  animal,  as  was  the  diet  of  prehistoric 
man  in  his  early  stages.  ^^Their  animal  food  comprises  birds,  birds'  eggs, 
mice,  lizards,  frogs,  shellfish,  grubs,  scorpions,  centipedes  and  insects"(l). 
Honey  is  eaten  by  some  of  the  baboons,  and  indeed  honey  appears  to 
have  been  essentially  a  simian  food  and  was  a  valuable  source  of  nutri- 
ment to  our  early  forebears.  Gum  constitutes  an  article  of  diet  of  the 
baboons  and  of  other  monkeys.  The  vegetable  foods  of  the  monkeys  in- 
clude fruit,  seeds,  roots,  tender  shoots  and  leaves. 

There  is  a  certain  general  similarity  between  men  and  monkeys,  both 
anatomically  and  in  dietetic  inclinations. 

Ordinarily  in  his  quest  for  food  the  monkey  exhibits  a  certain 
degree  of  intelligence,  a  high  degree,  judged  from  the  standard  of  the 
lower  animals.  Baboons  will  dig  up  roots  and  lift  up  stones  in  the 
search  for  insects,  which  seems  to  indicate  that  the  early  use  of  their 
hands  is  an  hereditary  trait  which  they  have  handed  down  to  man.  More- 
over, some  monkeys  fight  in  the  same  way  as  primitive  man  by  hurling 
stones  and  other  missiles  at  their  enemies;  baboons  throw  stones  for  the 
same  purpose;  while  evidence  goes  to  show  that  pitched  battles  occur 
among  certain  species  of  langurs  for  the  possession  of  feeding  grounds, — 
a  fruitful  and,  perhaps,  the  most  common  cause  of  war  among  men 
through  all  the  ages(3).  A  great  number  of  observers  have  reported  that 
in  the  early  Spanish  days  in  South  America  the  Mycetes  monkey  used 
to  defend  itself  by  throwing  stones.  Wafer  and  Yves  d'Evreux  have 
reported  that  they  saw  monkeys  break  oyster  shells  and  crack  fruit  with 
stones. 
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The  great  apes  feed,  on  the  whole,  in  the  same  way  as  the  monkeys. 
They  are  chiefly  frugivorous,  subsisting  also  on  a  vegetable  diet  in  con- 
centrated forms,  and  are  animal  feeders  to  a  small  extent,  when  vegetable 
food  is  difScult  to  procure.  In  addition  to  the  forms  of  vegetable  food 
eaten  by  monkeys,  the  great  apes  will,  in  stress  of  circumstances,  devour 
rats,  mice  and  other  small  animals  and  even  birds.  There  appears  to  be 
no  record  of  their  consuming  shellfish,  nor  is  there  evidence  that  they  eat 
honey,  but  in  view  of  the  fact  that  monkeys  appreciate  both  shellfish  and 
honey,  it  would  seem  quite  within  the  nature  of  things  that  the  great  apes 
should  also  do  so  on  occasion. 

To  sum  up  the  diet  of  the  animals  most  closely  allied  to  man  as  rep- 
resented by  that  of  the  monkey  and  great  apes,  we  find  that  it  consists 
mainly  of  concentrated  vegetable  foods  and  of  highly  concentrated  anjmal 
foods  taken  in  much  smaller  quantities.  Much  of  the  food  of  the  primates 
below  man  is,  from  its  character,  unsuitable  for  human  consumption,  show- 
ing that  the  evolution  of  man  progressed  pari  passu  with  his  diet. 

The  Food  of  Evolving  Man. — The  food  of  the  evolving  man  was  mainly 
of  a  vegetable  nature.  He  could  obtain  but  little  animal  food,  chiefly  in 
the  form  of  fish,  birds  and  birds'  eggs,  shellfish,  lizards,  snakes,  frogs, 
grubs,  worms,  snails,  insects  and  caterpillars.  But,  notwithstanding  the 
fact  that  it  was  extremely  difficult  for  our  prehistoric  ancestor  to  procure 
animal  food,  it  must  yet  be  borne  in  mind  that  the  food  supplied  by  the 
vegetable  kingdom  was  inadequate  for  his  subsistence.  He  had  a  very 
limited  choice;  the  vegetables  from  which  he  could  choose  were  woefully 
lacking  in  nutritive  properties.  Seeds  supplied  the  most  important  con- 
stituent of  his  diet,  because  they  contained  the  largest  amount  of  protein. 
Under  this  heading  are  included  fruits,  seeds  contained  in  a  brightly 
colored,  fleshy  envelope.  When  the  fruit  is  ripe  the  majority  of  these 
envelopes  consist  for  the  most  part  of  dilute  solutions  of  sugar  and  salts, 
which  furnish  little  energy.  The  inner  portion,  the  seeds,  unless  thor- 
oughly masticated,  are  indigestible  to  the  mammalia. 

Roots  formed  a  staple  of  the  diet  of  primitive  man,  owing  to  the  com- 
parative ease  with  which  they  could  be  secured.  Many  of  these  roots 
afforded  scant  nourishment,  their  nutrient  value  depending  chiefly  upon 
the  richness  of  their  starch  content.  The  fleshy  roots  were  the  only  ones 
of  value,  and  their  value  was  in  more  or  less  exact  relation  to  their  rich- 
ness in  starch. 

ROOT  FOOD  OF  THE  NORTH  AMERICAN  INDIANS.—  In  this  connection 
it  is  both  interesting  and  instructive  to  note  that  the  North  American 
Indians  largely  used  roots  as  food.     Plants  of  the  lily  family  furnished 
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the  most  abundant  and  useful  root  food  of  the  Indians  throughout  the 
Western  Hemisphere.  The  Eskimos  of  Kowakar  ate  roots  of  the  wild 
parsnip,  which  they  secured  from  the  caches  in  the  nests  of  field 
mice.  The  Indians  of  Cape  Flattery  ate  camas  bulbs,  as  well  as 
equisetum  roots,  and  roots  of  fern,  grass,  water  plants,  clover,  cinquefoil 
and  eelgrass.  Equisetum  tubers  and  eelgrass  roots  were  eaten  raw ;  other 
roots  were  boiled  by  means  of  hot  stones  or  baked  in  pit  ovens.  Camas 
was  a  staple  root  food  from  the  Wasatch  Mountains  in  Utah,  northward 
and  westward.  It  was  an  article  of  widespread  commerce,  influenced  the 
migration  of  tribes,  and  might  have  become  in  time  the  basis  of  primitive 
agriculture,  notably  in  the  valley  of  Columbia  River.  Leiberg  said, 
"Every  meadow  was  a  camas  field."  The  plant  was  so  plentiful  in  many 
places  that  it  is  no  exaggeration  to  say  that  in  the  Upper  St.  Mary  basin 
more  than  half  of  the  total  herbaceous  vegetation  in  the  lowlands  was 
composed  of  this  one  species.  The  Skitswish  people  congregated  here  in 
the  summer  to  dig  camas  and  to  hunt  deer.  The  root  was  dug  with  a 
sharp  pointed  stick.  In  part  of  this  area,  the  kouse  root,  second  only  in 
importance,  was  dug  in  April  and  May,  before  camas  was  in  season.  This 
root  is  the  racine  blanche  of  the  Canadian  voyageurs.  It  was  pounded 
and  made  into  thin  cakes  a  foot  wide  and  three  feet  long. 

The  tubers  of  the  arrowhead  plant  were  widely  used  in  the  Northwest 
for  food.  The  Chippewa  and  Atlantic  Coast  Indians  also  made  use  of 
them.  The  roots  of  the  cat-tail  and  bur  reed  were  eaten  by  the  Klamath 
of  Oregon,  who  used  also  the  roots  of  carum,  calochortus  and  valerian. 
The  Nez  Perces  of  Idaho  also  ate  balsam  root. 

The  pomme  blanche,  Indian  turnip,  or  prairie  potato,  was  prized  by 
tribes  living  on  high  plains  from  the  Saskatchewan  to  Louisiana  and 
Texas.  The  Sioux  varied  their  diet  with  roots  of  the  Indian  turnip,  two 
kinds  of  water  lily,  the  water  grass  and  the  ground  nut.  To  these  may 
be  added  the  tuber  of  milkweed  and  the  root  of  the  Jerusalem  artichoke 
eaten  by  the  Dakotas  of  St.  Croix  River.  Other  tribes  of  the  plain  gath- 
ered esculent  roots  to  eke  out  their  food  supply,  among  them  the  immense 
roots  of  the  wild  potato.  The  Miami,  Shawnee  and  other  tribes  of  the 
Middle  West  ate  the  "man  of  the  earth"  and  the  Jerusalem  artichoke. 
As  a  result  of  the  universal  habit  among  Californian  tribes,  especially  the 
Paiute,  of  gathering  food  roots,  the  name  "Diggers"  was  applied  to  them 
by  the  early  settlers. 

The  esculent  roots  growing  in  great  variety  in  California  were  a  con- 
siderable addition  to  the  Indian  larder.  Among  the  plants  thus  utilized 
were  the  brake,  tule,  calochortus,  camas  and  various  lilies.     Calochortus 
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bulbs,  called  wild  sago,  were  eaten  also  by  the  tribes  of  Utah  and  Ari- 
zona. The  bulbs  were  starchy  and  palatable,  and  it  is  said  that  the  Mor- 
mons during  their  first  few  years  in  Utah  consumed  this  root  extensively. 
In  the  Southwest  few  edible  roots  are  found.  The  Hopi,  Zuni,  and  other 
tribes  eat  the  tubers  of  the  wild  potato.  The  Pinia,  Hopi,  and  other 
Arizona  tribes  habitually  chewed  the  roots  of  certain  plants  having  sweet 
or  mucilaginous  properties.  The  Seminole  of  Florida  possessed  a  valu- 
able plant  called  coontie,  the  bulbous  starchy  root  of  which  was  converted 
into  flour.  Although  the  use  of  edible  roots  by  the  Indians  was  general, 
they  nowhere  practiced  root  cultivation,  even  in  its  incipient  stages. 

SUPPOSED  DIET  OF  PEIMITIVE  MAN.— Some  writers  and  most  poets 
have  depicted  in  glowing  words  the  happy  lot  of  early  man.  This 
Utopian  view  pictures  him  as  having  lived  in  a  lovely  warm  climate, 
in  which  nature  exhibited  herself  in  the  utmost  luxuriance.  He 
dwelt  in  a  land  "flowing  with  milk  and  honey,"  metaphorically  speak- 
ing, with  no  need  to  exert  himself  to  obtain  his  daily  bread.  A  pro- 
fusion of  products  of  the  vegetable  world  surrounded  him  on  all 
sides  and  he  merely  had  to  lift  up  his  hand  to  gather  the  most  deli- 
cious food  imaginable.  The  reality  was  far  from  this  Utopian  concep- 
tion, which  was  a  product  of  a  vivid  or  fevered  imagination.  The  food 
which  he  was  able  to  obtain  easily  was  scarcely  worth  the  gathering,  and 
in  order  to  satisfy  the  pangs  of  hunger  and  to  sustain  existence,  he  was 
compelled  to  put  himself  to  much  trouble  and  to  undergo  many  dangers. 
This  is  known  from  the  fact  that  certain  races,  whose  mode  of  life  approxi- 
mates most  closely  that  of  the  primitive  dwellers  on  earth,  have  the  greatest 
difiiculty  in  eking  out  a  miserable  existence.  The  impossibility  of  modern 
civilized  man  leading  a  vigorous  life  on  vegetable  food  alone  is  also  shown 
by  the  experiences  of  those  who,  despite  the  vastly  improved  methods  of 
preparing  and  enhancing  the  nutritive  value  of  such  food,  are  unable  even 
to  subsist  on  a  vegetable  diet  solely. 

THE  INFLUENCE  OF  CULTIVATION  ON  NUTRITIVE  PROPERTIES  OF 
VEGETABLES.— One  can  hardly  conceive  to  how  great  an  extent  cultiva- 
tion has  increased  the  nutritive  value  of  the  products  of  the  vegetable 
kingdom.  Fruits  which  grow  wild  are  seldom  highly  nutritious.  In  their 
natural  state,  as  a  rule,  they  are  small,  shriveled  and  acrid,  and,  as  a 
source  of  energy  and  nutriment,  almost  a  negligible  quantity.  A  striking 
evidence  of  this  deterioration  is  afforded  when  a  cultivated  fruit,  as  the 
apple,  is  allowed  to  revert  to  a  wild  state.  It  will  not  be  long  before  the 
formerly  luscious,  sweet  tasting  fruit  becomes  a  meager,  hard,  sour  and 
disagreeable  article  of  diet.    The  truth  is  that  fruits  and  vegetables,  as  sup- 
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plied  to  the  modern  markets,  are  highly  finished  products- of  civilization, 
as  Ciunpbell  puts  it,  ^^Dating  back  into  an  impenetrable  past  and  scarcely 
to  be  identified  with  their  wild  and  barely  edible  congeners."  Wihl  fruits 
afford  but  a  scant  and  inadequate  supply  of  nourishment  to  man,  and  it 
may  be  accepted  as  an  axiom  that  fruits  of  every  description  owe  their 
present  state  of  perfection  to  centuries  of  the  most  careful  cultivation. 

FACTORS  WHICH  HAVE  DETERMTNED  THE  CHOICE  OF  FOOD.— 
The  food  of  an  evolving  species  is  necessarily  determined  and  regu- 
lated by  environment,  that  is  by  the  llora  and  fauna  of  the  locality  in 
which  it  lives,  by  the  attractiveness  of  certain  kinds  of  food  and  by  the 
ability  to  procure  such  food.  The  kind  of  food  available  is  almost  wholly 
a  question  of  climate  and  need  not  be  discussed  here.  With  regard  to  a 
man's  predilection  for  certain  kinds  of  food,  it  is  a  fact,  as  Campbell  has 
pointed  out,  that  the  tendency  of  every  animal  is  to  seek  food  of  the  most 
concentrated  and  of  the  most  digestible  and  palatable  kind.  Of  vegetable 
foods,  seeds  and  roots  best  fulfill  these  requirements.  The  ideal  vegetable 
food  is  that  which  contains  the  most  starch,  sugar,  proteins  and  fats  and 
the  least  indigestible  cellulose  and  other  unpalatable  ingredients.  Such 
vegetable  foods  are  most  nutritive  and  agreeable,  and  consequently  the 
most  popular,  and  offer  a  sufficient  explanation  why,  in  the  course  of  his 
evolution,  man  has  discarded  certain  products  of  the  vegetable  world  from 
his  dietary.  However,  according  to  Campbell,  of  all  natural  food,  animal 
tissue  is  at  once  the  most  concentrated  and,  by  those  possessed  of  the 
proper  digestive  organs,  the  most  easily  digested.  Given  favoring  circum- 
stances, all  animals  tend  to  become  carnivorous.  The  reverse  is  scarcely 
ever  the  case. 

Palatability  of  food  varies  with  the  species.  Force  of  habit  neces- 
sarily wields  a  certain  amount  of  influence.  A  food  to  which  an  animal 
has  become  accustomed  by  generations  of  use  becomes  the  natural  diet, 
and  even  highly  cultivated  man  is  influenced  in  the  same  direction.  A 
Scotchman  "swears  by''  oatmeal,  a  Japanese  by  rice,  an  Italian  by  spa- 
ghetti, and  an  Englishman  or  an  Australian  by  beef  or  mutton.  Man's 
tendency  to  favor  concentrated,  digestible  and  nicely  flavored  food  in  pref- 
erence to  the  coarse,  bulky,  sour  and  indigestible  food  that  is  consumed 
by  the  primates  below  him  is  strikingly  shown  by  the  manner  in  which  he 
has  cultivated  his  foodstuffs.  Among  highly  cultivated  races  with  whom 
cooking  has  become  a  fine  art,  this  tendency  may  have  been  carried  to 
excess  and  the  pendulum  has  swung  too  far  in  the  opposite  direction,  so 
that  too  much  delicately  flavored  and  predigested  food  is  eaten.  This 
criticism  api^lies  more  to  the  preparation  of  food,  especially  cereal  foods, 
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than  to  its  cultivation.  For  many  and  obvious  reasons,  coarse  cereals — 
those  which  are  not  highly  milled — are  better  on  the  whole  than  the 
smooth  decorticated  preparations. 

The  ability  to  secure  the  wished  for  food  is  one  of  the  most  important 
factors  in  the  evolution  of  man's  diet.  Intelligence  and  bodily  equipment 
count  for  much  in  the  successful  quest.  A  stupid  animal  with  weak 
physical  powers  must  be  content  with  a  bulky,  unpalatable,  monotonous 
food  supply;  whereas,  to  a  large  extent,  an  agile,  acute  animal,  like  the 
fox,  is  able  to  procure  a  diet  to  its  taste. 

SUMMARY.— The  evolution  of  man's  diet  has  been  influenced  chiefly 
by  the  above  considerations.  We  have  seen  that  the  diet  of  the  great  apes 
and  monkeys  is  mainly  a  coarse  food,  mostly  vegetable  but  also  partly 
animal.  The  configuration  of  the  digestive  organs  of  many  of  these  ani- 
mals is  an  evidence  that  they  are  descended  from  animals  with  large  ceca 
and  shows  that  these  ancestors  consumed  a  much  more  bulky  diet.  The 
tendency  of  the  evolving  primate  then  is  to  abandon  the  herbivorous  for 
a  frugivorous  diet  and  to  eat  some  flesh. 
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The  plan  of  this  chapter  dealing  with  the  evolution  of  man's  diet  is 
arranged  in  a  similar  manner  to  the  chapter  on  the  same  subject  con- 
tributed by  that  very  able  medical  writer,  Dr.  Harry  Campbell(l),  but 
before  discussing  the  diet  epochs,  it  may  not  be  out  of  place  to  make  some 
remarks  on  the  evolution  of  man. 

Evolution  of  Man — It  has  been  suggested  by  Scott  Elliott  that  the 
primates  had  a  common  Eocene  ancestor  whose  descendents  had  adopted 
four  distinct  and  different  modes  of  life.  ^'One  group  remained  noc- 
turnal, fruit  and  insect  eaters  who  lived  in  trees ;  these  are  now  rep- 
resented by  the  lemurs.  Others,  now  monkeys,  went  about  in  troops,  feed- 
ing by  day  upon  nuts,  fruits  and  birds'  eggs.  A  third  group  had  special- 
ized on  the  lines  which  led  to  the  modern  gibbon,  orang,  gorilla  and  chim- 
panzee ;  they  were  animals  of  the  tropical  jungle  with  powerful  jaws  and 
muscles,  as  well  as  with  sufficient  strength  and  ferocity  to  keep  at  bay  any 
ordinary  enemy.     These  also  lived  in  trees." 

"The  question  is,  was  there  a  fourth  group  which  contained  our  special 
ancestor.  If  so,  it  seems  likely  that  he  lived  also  more  or  less  in  tho 
branches,  and  there  is  some  anatomical  evidence  which  points  to  this  con- 
clusion.    If  he  used  eoliths,  he  must  have  hunted  in  the  daytime ;  he  may 
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have  frequented  those  woods  which  were  near  the  seashore  or  on  the  mar- 
gin of  great  lakes,  since  suitable  stones  for  eoliths  are  more  numerous  by 
far  on  the  shores  of  seas  or  lakes  than  in  dense  forests."  Moreover,  if  ho 
lived  on  oysters  and  shellfish,  eoliths  would  be  invaluable.  It  is  held  by 
some  that  these  eoliths  or  flints  of  various  ages  which  have  been  struck 
or  chipped  in  an  unusual  way  were  the  handiwork  of  Ilomosimius  pre- 
cursor, the  scientific  name  for  Oligocene  man.  This  hypothetical  man  as 
well  as  the  flints  he  is  supposed  to  have  shaped  are  but  interesting  specu- 
lations. The  more  common  belief  which  rests  on  the  most  secure  founda- 
tion is  that  which  traces  the  ascent  of  man  by  a  series  of  evolutionary 
processes  from  a  primate. 

SHAPE  AND  DEVELOPMENT  OF  THE  SKULL.— "The  mOst  remarkable 
of  all  the  differences  between  man  and  his  presumably  nearest  of 
kin  in  the  animal  world  lies  in  the  shape  and  extraordinary  develop- 
ment of  the  s]culV\l).  Although  this  matter  has  no  direct  bearing  on 
the  evolution  of  man's  diet,  it  has  a  certain  indirect  interest.  As 
Campbell  has  shown  in  discussing  the  diet  epochs  of  man,  it  should  be 
borne  in  mind  that  his  dietetic  career  has  been  signalized  by  three  great 
advances,  each  of  wbich  has  markedly  augmented  his  supply  of  food. 
These  advances  have  been  made  possible  by  his  increase  in  brain  power, 
and  a  convenient  mode  of  denoting  these  successive  grades  in  man's  evo- 
lution from  his  simian  ancestors  is  by  reference  to  his  cranial  capacity. 
Proceeding  then  on  the  assumption  that  the  great  apes  are  man's  common 
ancestors,  and  the  cranial  capacity  of  the  great  apes  300  c.c,  and  assum- 
ing that  the  capacity  of  the  average  European  of  today  is  1,500  c.c,  or 
striking  out  noughts,  from  3  to  15.  By  this  method  of  computation  Camp- 
bell traces  the  ascent  of  man  from  the  great  ape  thus :  a  third,  fourth  and 
fifth  grade  in  the  simian  period ;  a  sixth,  seventh,  eighth  and  ninth  grade 
in  the  homosimian  period ;  and  a  tenth,  eleventh,  twelfth,  thirteenth,  four- 
teenth and  fifteenth  grade  in  the  period  where  we  designate  the  animal  as 
''man."  This  method  of  classification  is  simple  and  provides  an  easy 
means  of  following  the  dietetic  progress  of  evolving  man.  According  to 
this  grading,  the  first  important  dietetic  advance  occurred,  say  at  the 
tenth  grade,  when  the  hunting  and  fishing  stage  was  entered  upon.  The 
second  advance  took  place  soon  after  the  eleventh  stage,  when  he  began  to 
prepare  his  vegetable  food  in  various  ways,  the  grand  climax  being 
reached  when  by  the  employment  of  cookery  he  was  able  to  convert  in- 
nutritious  into  nutritious  food,  thereby  adding  to  his  supply  of  vegetable 
food  and  opening  the  way  to  the  cultivation  of  grain  and  roots,  which 
would  be  of  little  use  without  the  aid  of  cooking. 


10  THE    EVOLlTTIOlSr    OF    MAN'S    DIET 

The  third  and  in  many  respects  the  greatest  advance  came  when  he 
commenced  to  cultivate  plants  and  to  breed  animals.  At  this  period  he 
also  learned  to  store  food — a  measure  which  in  these  days  by  the  aid  of 
refrigeration  has  been  brought  to  perfection  as  well  as  to  abuse. 


PRECOOKERY    EPOCH 

The  simian  period,  the  homosimian  period  and  the  early  hunting 
period  may  be  termed  the  precookery  epoch,  or,  the  epoch  from  the  ape 
stage  to  the  invention  of  cookery.  Then  came  the  precibicultural  cookery 
epoch,  the  epoch  from  the  invention  of  cookery  to  the  introduction  of  agri- 
culture and  the  breeding  of  animals  for  food,  and  lastly  the  cibicultural 
epoch,  from  the  time  man  began  to  produce  his  food  artificially  to  the 
present  time. 

The  Simian  Period. — Descendants  of  animals  of  herbivorous  habits,  the 
primates,  became  frugivorous.  Assuming  that  man  Is  of  simian  origin, 
and  consequently  that  our  simian  precursors  were  akin  to  the  great  apes, 
deductions  drawn  from  a  study  of  the  food  of  the  primates  are  of  value 
in  discussing  the  evolution  of  man.  Since  authorities  have  shown  that 
the  diet  of  the  great  apes  Is  similar  to  that  of  the  lowest  order  of  men, 
forest  pygmies,  living  under  like  conditions  at  the  present  time,  the  sup- 
position that  man  has  a  simian  ancestry  is  largely  borne  out  from  the 
viewpoint  of  diet. 

The  Homosimian  Period. — The  homosimian  period  witnessed  the  up- 
ward trend  of  the  simian  precursor  of  man.  His  Intelligence  was  devel- 
oping, quickened  no  doubt  by  stress  of  adverse  circTimstances.  Although 
his  food  still  consisted  to  a  great  extent  of  raw  vegetables,  he  gradually 
became  more  of  a  flesh  eater.  As  yet,  however,  lacking  the  appliances  of 
the  chase  except  of  a  primitive  nature,  he  had,  as  a  rule,  to  be  content 
with  fish  and  the  smaller  animals.  These  he  was  able  to  secure  by  the 
exercise  of  a  brain  more  agile  than  the  other  animals,  and  by  the  aid  of 
his  highly  developed  physical  powers.  The  addition  of  even  this  small 
amount  of  animal  food  marked  an  Important  phase  of  man's  dietetic  and 
general  evolution,  for  he  gradually  came  to  discard  the  coarser  and  more 
indigestible  kinds  of  vegetable  foods. 

THE  EARLY  HUNTING  PERIOD.— The  early  hunting  period  signified 
another  definite  step  in  advance,  for,  with  the  employment  of  weapons  and 
means  for  hunting  animals  and  catching  fish,  the  quantity  and  choice  of 
foods  were  greatly  enlarged.    Up  to  this  time  the  larger  animals  were  more 
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or  less  beyond  his  reach,  although  doubtless  throughout  mo&t  of  the  homo- 
simian  period  he  was  a  skillful  hunter  and  had  fashioned  weapons  and 
otlicr  implements  with  which  to  supply  himself  with  a  certain  amount  of 
animal  food. 

Earliest  Weapons  of  Man. — Wliether  the  earliest  weapons  of  man 
were  of  flint  or  other  stone  is  a  mooted  question.  It  is  certain  that  the  flint 
weapons  are  the  only  ones  that  have  been  found,  but  this  does  not  prove 
that  these  were  the  only  weapons  employed.  Taking  into  account  the 
fact  that  the  homosimians  were  forest  dwellers,  it  appears  plausible  that 
they  used  wood — bamboo  in  particular — for  their  weapons  of  the  chase. 
Obviously  these  wooden  weapons  could  not  be  handed  down. 

By  a  stretch  of  imagination  one  might  fancy  that  our  Pliocene  ances- 
tor, in  that  part  of  his  evolution  just  before  he  became  a  man,  could  hurl 
stones  with  accuracy,  could  crack  shellfish  or  hard  fruits  with  a  stone,  and 
twine  creepers  or  twigs  together  with  which  to  make  snares  or  other  con- 
trivances for  increasing  his  store  of  provisions.  But  this  would,  perhaps, 
be  crediting  him  with  too  high  a  grade  of  intelligence.  If  we  wished  to 
carry  this  supposition  further  we  might  imagine  that  if  his  brain  had 
been  capable  of  conceiving  the  idea,  he  could  have  made  a  rude  club,  split 
off  a  bamboo  splinter,  shaped  a  stone,  and  so  on.  But,  as  he  had  not 
reached  the  level  of  intelligence  of  the  most  primitive  "human,"  all  these 
ideas  were  impossible  both  of  conception  and  execution. 

So  far,  however,  as  the  early  homosimian  is  concerned,  it  is  not  be- 
yond the  bounds  of  reason  to  imagine  that  he  did  make  weapons  of  an 
extremely  rude  and  primitive  kind,  scrapers  and  coups  de  poings  and  vari- 
ous implements  of  wood.  Indeed,  it  may  be  taken  for  granted  that  the 
early  homosimian  possessed  intelligence  suflicient  to  conceive  and  the  pa- 
tience to  make  weapons  and  implements  by  the  aid  of  which  he  occasion- 
ally succeeded  in  killing  or  ensnaring  large  animals  or  catching  fish,  and 
that  the  true  early  hunting  period  commenced  when,  with  the  develop- 
ment of  brain  power,  he  was  able  to  invent  and  devise  special  weapons  and 
appliances  for  hunting  and  fishing,  such  as  are  employed  by  the  most 
backward  extant  precibiculturists.  These  special  weapons  were  probably 
made  of  wood.  The  Tasmanians  had  spears  which  they  could  throw  sixty 
yards  with  surprising  accuracy  and  force.  They  also  possessed  formi- 
dable clubs,  wooden  chisels  and  the  like.  Stone  implements  are  by  no 
means  characteristic  of  most  pygmy  tribes,  and  are  diflicult  to  obtain  in 
forest  countries  where  there  is  no  flint.  The  most  attractive  supposition 
then  is  that  the  weapons  used  in  the  early  hunting  period  were  mainly  of 
wood,  stone  and  shell,  and  resembled  in  many  respects  the  implements 
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employed  for  the  same  purpose  by  certain  primitive  races  of  the  present 
day. 

To  a  limited  extent  the  life  of  the  E^orth  American  Indian  may  be 
cited  as  an  example  of  the  manner  in  which  our  homosimian  ancestors 
lived.  When  the  homosimian  became  an  expert  hunter  his  diet  became 
more  animalized  and,  perhaps,  he  ate  more  flesh  than  vegetable  food ;  the 
^N'orth  American  Indian  before  the  coming  of  the  white  man  was  a  hunter 
and  largely  a  meat  eater. 

Although  the  dietetic  and  other  customs  of  the  Indian  have  been 
greatly  changed  by  contact  with  the  white  man  and  his  so-called  civiliza- 
tion, yet  he  is  by  heredity  a  nomad  and  a  hunter.  The  capture  of  animals 
devolved  upon  the  man;  the  preparation  of  food  upon  the  woman.  She 
often  added  vegetables  to  the  diet.  When  the  precibicultural  cookery 
period  is  discussed  the  diet  of  the  Indians  will  be  considered  at  length. 

DIET  OF  THE  HOMOSIMIAN.— To  proceed  with  the  discussion  of  the 
diet  of  the  homosimian  in  the  early  hunting  period :  it  is  assumed  on  suffi- 
ciently clear  evidence  that  the  homosimian  was  more  carnivorous  than 
vegetarian.  His  intelligence  and  the  pressure  of  circumstances  impelled 
him  to  invent  appliances  to  procure  animal  food  in  large  quantities.  The 
present-day  precibiculturist,  as  the  North  American  Indian  for  example, 
eats  about  equal  parts  of  animal  and  vegetable  food.  But  if  he  did  not 
know  how  to  cook,  and  thus  make  the  vegetable  world  contribute  largely 
to  his  sustenance,  he  would  perforce  be  more  carnivorous.  With  this  anal- 
ogy before  us,  it  is  fair  to  conclude  that  the  homosimian  of  the  early 
hunting  period  was  more  a  flesh  eater  than  a  vegetarian. 

LATEK  HUNTING  PERIOD.— Many  of  our  early  ancestors  were  "mighty 
hunters  before  the  Lord."  They  esteemed  delicacies  when  they  could 
obtain  them,  as  has  been  proved  by  the  fact  that  in  the  Grotto  of  the  Ehi- 
noceros  near  Schwarzfeld,  about  1,000  bones  of  the  cave  bear  have  been 
found.  These  were  split  to  extract  the  marrow,  and  also  showed  the 
marks  of  fire.  At  San  Giro  near  Palermo,  there  is  evidence  that  they 
feasted  habitually  on  hippopotami  as  is  shown  by  the  remains  of  some 
2,000  of  these  animals  (Scott  Elliott). 

The  weapons  of  the  homosimian  continued  to  improve  and  his  skill  to 
increase,  so  that  he  was  able  to  migrate  to  other  lands — a  necessity,  in 
fact,  as  the  supply  of  wild  animals  in  the  regions  he  had  long  occupied 
was  insufficient  to  provide  him  with  food.  The  hunting  instincts  together 
with  the  need  for  food  gave  the  stimulus  to  our  homosimian  forefathers 
.to  travel  and  were  potent  factors  in  the  population  of  the  earth.  The 
question  of  the  food  supply  rather  than  the  climate  was  the  cause  of  man's 
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spreading  himself  over  the  earth.  But  for  many  thousand  years  he  could 
be  no  more  than  a  lonely  hunter  as  the  Fuegan,  the  Tasmanian,  the 
Bushman  or  the  Veddah.  Purely  hunting  savages  can  increase  in  num- 
bers to  a  very  slight  extent  only.  Lord  Avebury,  better  known  as  Sir 
John  Lubbock,  gave  6,471  acres  as  the  area  required  for  a  single  red 
Indian  living  almost  wholly  on  wild  animals. 


PRECIBICULTURAL  COOKERY  PERIOD 

The  discovery  of  cookery,  by  means  of  which  the  supply  of  vegetable 
food  was  immensely  augmented  and  bettered,  was  a  long  step  forward. 
The  domestication  of  animals  and  the  cultivation  of  plants  were  also  very 
important  advances.  With  these  steps  taken,  man  rapidly  increased,  mul- 
tiplied and  inhabited  the  earth.  Cooking  preceded  the  cultivation  of 
vegetable  plants,  and  its  effect  was  to  increase  and  improve  the  supply  of 
vegetable  food.  Before  the  invention  of  cookery  man  had  to  laboriously 
masticate  his  food  to  obtain  all  the  nutriment  contained  therein.  Con- 
sequently our  ancestors  in  the  precookery  period  were  compelled  to  use 
their  jaws  and  teeth  in  the  most  strenuous  manner,  with  the  result  that 
the  starch  taken  into  the  stomach  was  thoroughly  masticated.  Further, 
as  the  starch  content  of  the  coarse  vegetables,  eaten  before  cookery  was 
invented  or  plants  cultivated,  was  small  most  of  it  was  digested  in  the 
form  of  dextrin  and  maltose  in  the  mouth,  and  little  passed  into  the  stom- 
ach as  crude  dextrin.  Campbell  has  drawn  attention  to  this  important 
point  that,  until  the  invention  of  cookery  the  stomach  of  evolving  man  had 
but  little  acquaintance  with  undigested  starch. 

Early  Preparation  of  Food. — Before  the  era  of  cookery,  it  appears  prob- 
able that  other  means  were  used  to  prepare  his  vegetable  food  and  render 
it  more  palatable  and  digestible — by  sun  drying,  grinding,  burying  and 
maceration — all  methods  used  by  primitive  races  of  the  present  time. 

PKESEEVATIVE  METHODS.— Among  the  Iroquois  and  other  eastern 
tribes  vegetable  foodstuffs  were  preserved  by  drying;  among  the  less 
sedentary  tribes,  they  were  strung  or  tied  in  bundles  for  facility  of  trans- 
portation or  storage.  The  preservation  of  maize,  mesquite  beans,  acorns, 
etc.,  gave  rise  to  granaries  and  other  storage  devices.  In  order  to  preserve 
animal  food  it  was  often  dried  or  frozen.  Dried  meat  was  sometimes 
pulverized  and  mixed  with  berries.  Fruits  were  pulped  and  dried  for 
preservation.  Tubers  were  frequently  stored  in  the  ground.  The  Vir- 
ginian tribes  preserved  tubers  for  winter  use  in  this  way. 
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The  Development  of  Cookery 

The  Systematic  Use  of  Fire.— The  aid  of  artificial  heat  opened  up  a 
new  vista,  so  that  many  vegetables  which  in  their  raw  state  were  unpal- 
atable and  highly  indigestible  were,  by  the  agency  of  fire,  converted  into 
nutritious  articles  of  diet.  How  to  make  a  fire  was  one  of  the  greatest 
discoveries  made  by  our  simian  ancestors.  The  various  ways  in  which 
fire  may  be  made  have  been  described  by  other  authors,  perhaps  most 
fully  in  Mason's  ^'Origin  of  Invention."  Wood  friction  was  the  most 
common  mode.  The  use  of  fire  in  cooking  food  was  indeed  epoch-making, 
for,  as  the  art  of  cookery  improved,  man  was  less  dependent  on  hunting 
for  his  food.  The  supply  of  vegetables  increased  in  proportion  to  the 
advances  in  the  art  of  cookery,  and  the  hunter  was  able  to  release  him- 
self, to  some  extent,  from  the  chase,  and  devote  a  considerable  part  of  his 
time  to  other  pursuits.  In  the  course  of  time  one-half  or  more  of  his 
dietary  consisted  of  vegetable  food. 

The  Discovery  of  Cooking.— Cookery  is  the  art  which  has  rendered  the 
most  important  service  to  humanity,  for  it  has  brought  into  play  the  ap- 
plication of  fire,  by  the  use  of  which  man  has  subjugated  nature.  In  all 
probability  cookery  is  nearly  as  old  as  fire.  It  is  almost  certain  that  one 
of  the  earliest  uses  to  which  man  put  heat  by  fire  was  to  cook  his  food. 
The  antiquity  of  fire-making,  of  cookery,  are  matters  of  conjecture.  At 
first,  the  cooking  of  food  was  done  in  a  haphazard  fashion.  Cookery 
could  not  be  termed  an  art  nor  could  a  period  be  referred  to  as  the  cookery 
period  until  it  was  applied  systematically  to  both  flesh  and  vegetables. 

Cooking  rendered  the  indigestible  cellulose  content  of  raw  vegetables 
more  digestible,  and  improved  the  digestibility  of  the  starch.  At  the  same 
time,  less  mastication  was  required,  and  gradually  the  power  of  digesting 
the  more  indigestible  and  unpalatable  raw  vegetables  was  lost  entirely. 
The  most  backward  peoples  now  living  cook  their  food,  and  that  they  have 
done  so  for  ages,  seems  to  be  demonstrated  by  the  fact  that  although 
widely  separated  by  race  and  distance,  the  means  they  employ  for  this 
purpose  are  very  similar.  All  evidence  points  to  the  fact  that  the  methods 
of  cooking  now  practiced  by  the  most  primitive  races,  as  the  nati^^e  Aus- 
tralians, Californians,  Pygmies  and  Andamanese,  were  handed  down  from 
the  earliest  times,  probably  from  those  times  when  cookery  was  first  prac- 
ticed, and  began  to  take  its  place  as  one  of  the  arts. 

The  Evolution  of  Cookery. — It  may  be  assumed  that  as  soon  as  man 
discovered  how  to  make  a  fire,  instinct  impelled  him  to  apply  it  to  food, 
first  to  dry  it,  then  to  cook  it  by  placing  it  on  hot  embers. 
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Fire  Applied  to  Meat. — Flesh  thus  prepared  was  found  to  taste  better ; 
it  was  inoro  wholesome,  and  was  more  easily  masticated.  The  essence  of 
the  meat  becoming  fluid  gave  a  savorv  flavor  which  rendered  it  more 
gratifying  to  the  palate.  It  was  quickly  discovered  that  this  method  pos- 
sessed some  disagreeable  drawbacks.  Meat  grilled  on  hot  embers  both 
burns  and  soils,  while  vegetable  food  will  burn  too  readily.  Meat  was 
then  in  all  likelihood  stuck  on  skewers,  which  were  placed  on  stones  raised 
to  a  sufHcient  height  to  prevent  contact  with  the  embers.  Thus  was  the 
gridiron  evolved. 

EVIDENCES  OF  COOKING  OF  MEAT  AMONG  PHTMITIVE  MEN.— Refer- 
ence has  been  made  to  the  discovery  of  the  remains  of  hippopotami 
at  San  Giro  near  Palermo,  which  had  been  killed  and  eaten  by 
the  Neanderthal  race — a  race  which  probably  included  the  later  stages  of 
the  River  Drift  man  and  the  early  stages  of  the  Cave  Man  of  English  an- 
thropologists. (1)  Judging  from  the  remains  found  at  San  Giro,  *^it  seems 
likely  that  they  grilled  their  meat  over  a  fire,  and  sometimes  boiled  it,  for 
certain  stones  found  in  some  caves  seem  to  have  been  used  as  pot  boilers. 
Perhaps  a  hollow  w^as  dug  in  the  cave,  or  near  it,  and  a  skin,  filled  with 
the  flesh  and  water,  placed  over  the  hollow.  Then  stones  heated  red-hot 
were  dropped  into  the  water  to  make  it  boil.  This  theory  is  uncertain, 
for  it  involves  the  assumption  that  they  possessed  a  vessel  in  which  water 
could  be  carried.  It  is  true  that  water  might  have  been  carried  in  skins, 
but  it  would  have  been  difficult ;  therefore  it  is  unlikely  that  they  boiled 
their  game.  Moreover,  it  is  not  a  usual  form  of  cooking  among  races  w^ho 
live  in  much  the  same  manner  at  present."  It  appears  certain  that  this 
Xeanderthal  race  used  iron  pyrites  and  flint  to  strike  a  light.  It  was  no 
doubt  the  custom  of' all  primitive  people,  to  whom  it  was  a  task  of  infinite 
patience  and  toil,  and  who  were  dependent  upon  the  fire  continually  burn- 
ing in  their  caves  for  protection  from  wild  beasts,  for  warmth  and  for 
cooking.  The  Neanderthal  race  were  essentially  meat  eaters  and  big 
game  eaters,  for  no  small  bones  were  in  their  caves,  only  those  of  the 
mammoth,  rhinoceros,  cave  bear,  the  urus,  deer  and  bison. 

It  is  important  always  to  bear  in  mind  that,  although  animal  food 
is  not  so  difl[icult  to  cook,  raw  meat  was  and  is  often  used.  In  this  form 
it  is  not  unpalatable,  and  is  more  easily  digested.  While  the  connective 
tissue  is  softened  by  cooking  and  muscular  fibers  loosened,  proteins 
are  coagulated  and,  on  the  whole,  most  cooked  meat  tries  the  organs 
of  digestion  as  much  or  more  than  meat  in  a  raw  state.  Perhaps  the 
warmth  imparted  to  food  by  the  process  of  cooking  is  a  slight  aid  to 
digestion,  and  man  at  the  present  time  has  become  accustomed  by  genera- 
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tions  of  use  to  cooked  meat,  which  is  a  point  in  its  favor.  Early  man  was 
carnivorous  by  heredity  and  had  not  acquired  the  taste  for  cooked  meat. 
Raw  meat  is  assimilable  and  is  eaten  nowadays  with  gusto  by  some  savage 
tribes.  Some  raw  meats  are  even  more  palatable  than  cooked,  and  many 
highly  civilized  persons,  notably  the  Germans  and  other  European  peo- 
ples, eat  considerable  quantities  of  raw  meat,  especially  pork. 

Raw  oysters  and  other  shellfish  are  esteemed  delicacies  by  the  most 
civilized  of  people.  Raw  ham  is  largely  consumed  by  Germans  and  other 
European  peoples.  Raw  meat  is  given  to  consumptives  as  a  part  of  treat- 
ment and  is  eaten  by  them  with  avidity.  It  is  not  the  intention  to  argue 
that  raw  meat  is  better  adapted,  from  the  point  of  view  of  health,  to 
civilized  people  than  cooked  meat,  but  rather  to  show  that  raw  meat  was 
in  the  precibicultural  period  the  common  diet  of  man,  and  that  even  after 
the  discovery  of  cooking,  meat  was  for  a  long  time  eaten  raw. 

COOKING  OF  VEGETABLES.— The  point  on  which  it  is  intended  to  lay 
stress  is  that  whereas  animal  food  may  be  consumed  in  a  raw  state,  vege- 
table food  almost  invariably  requires  the  agency  of  fire  to  render  it  fit 
for  human  digestion.  This  is  a  truth  of  great  significance  in  the  evolu- 
tion of  man  and  in  the  evolution  of  man's  diet.  By  the  aid  of  cooking, 
the  stiff  cellulose  content  of  vegetables  is  rendered  easily  digestible,  and 
the  starch  is  more  accessible  to  the  salivary  and  other  digestive  fluids. 
Hence  the  use  of  cooked  foods  has  altered  man's  organs  of  digestion  and 
has  played  a  part  in  his  evolution. 

The  Underground  Oven. — ^While  it  was  a  comparatively  simple 
matter  to  devise  means  to  cook  meat,  it  was  altogether  different  when  the 
cooking  of  vegetables  was  in  question.  This  was  solved  by  the  invention 
of  the  underground  oven.  A  hole  was  dug  in  the  ground  into  which  the 
food  was  placed  and  a  fire  was  then  made  over  or  around  it.  The  prin- 
ciple of  this  method  is  applied  in  various  ways  at  the  present  time  in  out 
of  the  way  parts  of  the  world,  and  it  can  be  asserted  with  emphasis  that 
it  is  a  most  excellent  way  of  preparing  food  for  human  consumption. 

The  most  advanced  mode  of  underground  oven-cooking  is  by  heated 
stones.  Alternate  layers  of  hot  stones  and  food  are  placed  in  the  oven, 
and  covered  with  matting,  leaves  or  grass.  This  is  a  baking  system. 
More  frequently,  the  oven  is  lined  with  some  vegetable  substance,  which 
may  also  be  employed  to  separate  the  layers  of  food  and  stones.  Steam 
is  generated,  and  the  eatables  are  most  efficiently  steamed.  Both  of  these 
methods  are  admirable,  and  better  in  some  respects  than  any  of  the  mod- 
em civilized  ways.  Most  of  those  who  have  eaten  food  prepared  after 
this  fashion  are  loud  in  its  praise,  and  declare  that  it  is  superior  in  its 
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results  to  those  attained  by  the  most  scientific  and  artistic  French  chef. 
The  method  is  now  practiced  at  the  modern  clam  bake. 

BOILING  OF  WATER.— How  to  boil  water  was  for  long  an  insur- 
mountable obstacle  to  our  prehistoric  forefathers.  The  boiling  of  water 
as  an  ordinary  branch  of  cooking  is  a  discovery  of  comparatively  recent 
origin,  when  the  antiquity  of  the  human  species  is  taken  into  considera- 
tion. Natural  hot-water  springs  and  pools  exist  in-  some  parts  of  the 
world.  Those  in  New  Zealand  are  the  most  extensive  and  certainly  the 
best  known.  Such  opportunities  no  doubt  were  not  neglected ;  the  Maoris 
of  the  present  day  use  the  boiling  pools  of  New  Zealand  for  cooking  pur- 
poses. Again,  stones  were  hollowed  out  by  some  of  the  more  ingenious 
early  savages,  but  this  method  involved  a  great  deal  of  hard  work,  and 
also  the  possession  of  certain  implements  which  only  the  most  hardy, 
adaptable  and  intelligent  of  the  cave  men  were  able  to  manufacture,  and 
therefore  was  not  widely  employed.  As  a  matter  of  fact,  there  are  tribes 
yet  existing  who  do  not  know  how  to  boil  food.  The  Fuegans,  the  Bush- 
men and  the  Australian  aborigines  are  all  said  to  be  unacquainted  with 
this  method,  emphasizing  the  fact  that  boiling  as  a  means  of  cooking  was 
discovered,  in  the  manner  described  above,  long  after  baking  or  steaming. 
The  Greeks  at  the  time  in  which  Homer  wrote  were  not  very  highly 
skilled  in  the  art  of  cookery.  His  description  of  how  Achilles  received 
three  noble  Greeks,  one  of  whom  was  a  king,  shows  that  their  manner  of 
feasting  was  rude  and  unrefined.  The  meat — pork,  mutton  and  goats'  flesh 
— was  grilled  in  a  brazen  vase  over  a  blazing  fire;  the  only  other  food 
served  was  bread  and  the  beverage,  wine.  It  has  been  observed  that  Homer 
never  refers  to  boiled  meat  in  any  of  his  poems.  The  Egyptians,  at  the 
period  in  which  Homer  lived,  were  the  most  civilized  people  and  were 
further  advanced  in  cookery  than  any  of  the  contemporary  races.  Even 
the  Hebrews,  owing  to  their  sojourn  in  Egypt,  had  made  more  progress 
in  the  art  of  cookery  than  the  Greeks.  They  had  cooking  utensils  which 
they  placed  on  the  fire ;  they  boiled  a  good  deal  of  their  food,  and  it  w^as 
in  vessels  made  for  the  purpose  of  boiling  that  the  wily  Jacob  prepared 
from  red  lentils  the  mess  of  pottage  with  which  he  maneuvered  the  un- 
suspicious Esau  out  of  his  birthright. 

The  great  obstacle  to  the  boiling  of  water  which  was  encountered 
by  early  man,  was  the  lack  of  vessels  which  would  resist  the  action  of 
fire.  The  introduction  of  pottery,  or  was  it  of  metal  vessels,  revolution- 
ized every  detail  of  the  entire  science  or  art  of  cooking.  No  true  cooking 
was  known  until  cooking  pots  came  into  general  use.  Wliere  roasting  on 
a  rough  grill  would  be  possible,  a  kind  of  spatchcock  might  be  used. 
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How,  then,  did  man  boil  water  prior  to  the  discovery  of  earthern  or  metal 
vessels?  This  question  is  impossible  to  answer  except  by  an  intelligent 
surmise.  In  the  first  place,  the  remains  of  prehistoric  times  must  be 
searched.  But  these  sources  of  information  cannot  be  relied  upon  to  any 
extent,  because  most  of  the  appliances  were  probably  made  of  easily  de- 
structible material  which  would  have  utterly  disappeared  in  a  relatively 
short  space  of  time.  Hollowed  stones  were  employed  by  the  most  hardy 
and  practical  of  our  savage  ancestors  for  this  purpose,  but  these  were  not 
in  common  use. 

For  holding  water  primitive  man  no  doubt  used  the  shells  of  shellfish 
and  egg  shells  of  birds  like  the  auk  and  other  immense  birds  which  inhab- 
ited the  earth  at  different  early  periods  of  man's  evolution  before  the 

making  of  pottery  or  metal  vessels. 
The  bamboo  cane  also  was  utilized, 
and  there  is  little  doubt  that  in  the 
latter  part  of  his  hunting  stage  man 
learned  to  make  vessels  of  skin  and 
of  plaited  rushes.  The  only  way  of 
boiling  food,  especially  meat,  would 
be  to  stretch  a  hide  over  a  hole  in  the 
ground,  fill  it  with  water,  and  then 
heat  stones  red  hot  and  drop  them  in 
until  the  water  boiled.  Any  non-fire- 
proof, water-tight  vessel  might  be  used 
in  a  similar  way.  Of  course,  this 
operation  is  extremely  tedious  and  would  hardly  be  likely  to  commend 
itself  to  the  hunter.  It  may  be  taken  for  granted  that  the  hunter  did  not, 
as  a  rule,  boil  his  food,  and  that  boil- 
ing meat  and  vegetables  did  not  come 
into  general  use  until  the  invention  of 
the  art  of  making  pottery  or  of  forging 
metal  had  been  consummated. 

The  customs  of  existing  precibicul- 
turists  must  be  looked  into  in  order  to 
obtain  a  likely  solution  of  the  problem 
as  to  how  food  was  boiled  before  the 
age  of  pottery.  The  method  of  drop- 
ping heated  stones  into  a  water-tight 
vessel  made  of  skin,  bamboo  or  plaited 
rushes,  is  still  in  use  among  such  ex- 


FiG.  1. — Stone-boiling.  J^iftiiNg  the 
Hot  Stones  into  the  Food  Basket; 
California  Indians.  (Holmes.) 
( Courtesy  of  Smithsonian  Institute. ) 


Fig.  2. — Stone  -  boiling.  Removing 
THE  Stones  from  the  Boiling 
Basket;  California  Indians. 
(Holmes.)  (Courtesy  of  Smith- 
sonian Institute.) 
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taut  primitive  people  as  the  (^iliforiiiaii  I  iidians,  the  Eskimo  and  the  Anda- 
inanese.  The  methods  of  cooking  among  the  meat-eating  Indian  tribes  of 
this  continent  were  broiling,  roasting  and  boiling.  The  last  named  process, 
known  as  ''stone  boiling/'  was  done  in  plaited  rnsh  baskets.  The  tribes 
whose  diet  was  approxinuitely  vegetarian  practiced  all  these  methods,  and 
the  vessels  most  widely  employed  were  constructed  from  closely  plaited 
rushes. 

Utilization  of  tue  Discovery  of  Pottery. — It  is  not  definitely 
known  whether  the  first  cooking  pot  for  boiling  fluids  was  made  of  metal 
or  earth.  Campbell  says  that  pottery  which  is  of  (juite  recent  introduc- 
tion was  not  employed  by  the  precibiculturists.  It  is  unknown  to  present- 
day  precibiculturists,  and  belongs  to  the  cibicultural  period.  This  au- 
thority undoubtedly  refers  to  '^recent  introduction''  in  a  relative  sense, 
the  sense  in  which  the  vast  antiquity  of  the  world  and  of  man  is  consid- 
ered, for  he  conjectures  that  the  cibicultural  period  began  a  mere  matter 
of  some  30,000  years  ago. 

How  and  where  the  first  earthern  pot  was  made  is  a  mystery  and 
must  remain  a  mystery.  We  know  that  the  art  of  making  adobe  bricks 
is  of  hoary  antiquity,  but  according  to  many  authorities  that  of  molding 
clay  into  vessels  is  yet  more  ancient.  Scott  Elliott  hypothesizes  as  fol- 
lows with  regard  to  this  discovery,  which  was  pregnant  with  far-reaching 
effects  in  the  evolution  of  man's  diet: 

It  is  possible  that  a  woman  once  took  a  basket  to  the  riverside  to  bring  home 
the  fish  that  she  hoped  to  catch.  Laying  it  accidentally  in  the  mud,  the  outside 
became  plastered  with  sHme.  When  the  fish  were  taken  home  she  may  have  noticed 
til  at  some  water  remained  in  the  basket.  So  she  was  led  to  experiment  and  perhaps 
carefully  plastered  the  inside  with  mud  and  then  burnt  off  the  basket. 

It  may  then  have  been  the  natural  curiosity  of  w^oman,  handed  do\vn 
to  her  from  her  original  progenitor  (we  had  almost  said  Eve,  although 
to  a  believer  in  the  Darwinian  theory  of  the  evolution  of  man,  this  would 
be  a  rank  scientific  heresy),  to  which  we  owe  this  epoch-making  discovery 
of  pottery.  To  carry  this  ingenious  hypothesis  to  its  legitimate  conclu- 
sion, it  may  be  inferred  that  the  mud  with  which  the  basket  w^as  plas- 
tered was  potter's  clay.  In  any  event,  ever  since  that  hypothetical  but 
extremely  likely  happening,  the  handling  of  pots  and  pans  has  been 
severely  left  to  the  weaker  sex.  It  may  be  further  remarked  that  in  sav- 
age communities,  at  least  in  most  of  such  communities,  it  is  the  woman 
who  makes  the  pots.  It  may  be  stated  here,  although  the  question  is  not 
particularly  relevant  to  the  matter  in  hand,  that  the  earliest  record  of 
glass  vessels  seems  to  have  been  in  Egypt  about  4000  B.  C. 
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Application  of  Art  of  Boiling  Water  to  Cookery. — ^When  the 
boiling  of  fluids  became  not  only  possible  but  easy,  cookery  made  a  great 
advance.  It  was  chiefly  employed  in  the  culinary  preparation  of  vege- 
table products.  Boiling  softens  their  consistency  and  thus  allows  them 
to  be  more  readily  masticated.  It  loosens  their  intercellular  structure, 
and,  in  consequence,  facilitates  the  penetration  of  digestive  juices  into 
their  substance.  The  action  of  boiling  on  the  starch  granule,  the  con- 
stituent which  enters  most  largely  into  the  composition  of  vegetable  food, 
is  most  essential  to  good  digestion.  It  causes  the  granule  to  swell  and  its 
outer  envelope  to  burst.  The  digestive  fluids  are  therefore  permitted  to 
come  into  direct  contact  with  the  central  part  of  the  starch  granule. 

COOKING  AMONG  THE  AMERICAN  INDIANS.— With  the  discovery  of 
vessels  which  resisted  the  action  of  fire,  the  art  of  cookery  advanced  by 
leaps  and  bounds.  Among  the  Pueblo  Indians,  cooking  is  carried  to  a 
remarkable  degree  of  proficiency,  approaching  in  variety  of  methods  the 
art  among  civilized  peoples.  Most  Indian  tribes  have  long  known  how 
to  prepare  savory  and  nourishing  dishes,  some  of  which  have  been  adopted 
by  civilized  people.  From  the  Indians  have  been  derived  ash  cake,  hoe 
cake,  succotash,  hominy  and  samp. 

The  preparation  of  maize  as  food  involved  almost  numberless  proc- 
esses, varying  with  the  tribes.  In  general,  when  maize  reached  the  edible 
stage,  the  ears  were  roasted  in  pit  ovens,  and,  after  the  feasting,  the  sur- 
plus of  roasted  ears  was  dried  for  further  use.  The  matured  grain  was 
milled  or  parched,  the  meal  entering  into  various  mushes,  cakes,  pones, 
wafers  and  other  bread.  The  grain  was  soaked  in  lye  obtained  from  wood 
ashes  to  remove  the  horny  envelope,  and  was  then  boiled  and  known  as 
hominy.  This  was  often  dried,  parched  and  ground,  r^parched  and  re- 
ground,  making  a  concentrated  food  of  great  nourishing  power  in  small 
bulk,  and  was  consumed  dry  or  in  water  as  a  gruel. 

Pinole,  which  consists  of  ground  parched  corn,  formed  the  favorite 
food  of  the  Southwest  Indian  tribes.  The  fermentation  of  corn  to  make 
beer  was  not  generally  practiced  among  the  American  Indians,  and  it  is 
doubtful  if  the  process  was  known  in  America  before  its  introduction  by 
the  white  man.  The  Iroquois  and  other  eastern  tribes  cooked  maize  with 
beans,  meat  or  vegetables.  The  Pueblos  added  wood-ash  lye  to  their 
"paper  bread,"  and  prepared  their  bread  and  mushes  with  meat,  greens 
or  oily  seeds  and  nuts,  besides  using  condiments,  especially  chile. 

Infusions  of  leaves,  roots,  etc.,  of  various  herbs  were  drunk  by  the 
Indians  as  medicine,  but  there  is  no  record  that  they  drank  any  stimu- 
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lating  beverage  such  as  tea  or  coffee.  Drinks  made  from  fruit,  as  cider 
from  niaiizaiiita  berries,  and  a  beverage  made  from  cactus  fruit  by  the 
Tina  and  neighboring  tribes  of  Arizona,  are  the  Indian  fermented  drinks 
best  known. 

METHODS  USED  BY  OTHER  PRIMITIVE  PEOPLES.— Many  of  the 
modes  of  cooking  meat  which  prevailed,  and  are  still  customary 
among  primitive  peoples,  are  excellent.  In  a  recently  published  work 
of  fiction  written  by  the  late  Jack  London  is  a  description  of 
the  manner  in  which  a  native  of  one  of  the  British  Solomon  Islands 
cooked  a  pigeon.  Upon  a  clear  burning  fire  of  wood  he  placed  many 
stones.  He  then  wrapped  a  plump  wood  pigeon  in  leaves  and  surrounded 
it  with  heated  stones  and  finally  covered  both  pigeon  and  stones  with 
earth.  When  after  a  time  he  removed  the  pigeon  and  stripped  from  it  the 
scorched  wrappings  of  leaves,  it  gave  forth  a  scent  so  savory  as  to  set  the 
nostrils  quivering.  Gypsies  generally  use  this  style  of  cooking.  A  very 
delicious  dish — an  epicurean  delicacy — is  a  fat  hedgehog,  which  is  cov- 
ered with  clay  and  then  placed  in  the  hot  embers  of  a  wood  fire  for  some 
time.  When  the  hedgehog  is  removed  from  the  fire  and  the  caked  clay 
is  scraped  off,  it  brings  away  with  it  the  quills  of  the  animah  The  meat 
is  found  to  be  done  to  a  nicety,  greatly  resembling  that  of  a  suckling  pig. 
Similar  methods  of  cooking  are  employed  by  primitive  people  now  extant. 

The  Food  of  Precibiculturists. — Keference  has  been  made  in  a  general 
way  to  the  diet  of  people  who  lived  or  are  now  living  to  all  intents  and 
purposes  in  much  the  same  manner  as  our  precursors  lived.  Some  of 
these  peoples,  more  backward  than  the  others,  live  in  a  way  similar  to  our 
homosimian  progenitors.  The  measurements,  contours  and  markings  of 
the  skulls  of  native  Australians,  Tasmanians,  some  Eskimos  and  a  few 
members  of  other  existing  primitive  races  differ  but  little  from  those  of 
apes,  orang-outangs  and  of  very  early  man.  They  live  in  a  state  of 
nature,  go  naked  or  nearly  so.  Their  knowledge  of  everything  is  of  the 
most  elementary  character;  they  know  nothing  of  the  arts,  and  their 
main  concern  is  to  satisfy  the  cravings  of  their  appetites.  The  aborigines 
of  Australia,  the  Californian  Indians,  the  Bushmen  of  South  Africa,  the 
Veddahs  of  Ceylon  and  the  Hairy  Ainus  are  the  most  conspicuous  exam- 
ples extant  of  men  and  women  following  a  mode  of  life  almost  identical 
with  many  of  our  earliest  ancestors,  while  other  races  more  advanced  in 
civilization  still  retain  many  of  the  primitive  habits. 

The  diet  of  our  far-away  progenitors  has  been  discussed  more  or  less 
fully,  and  it  will  be  interesting  to  trace  the  connection  between  their 
dietetic  habits  and  those  of  the  races  referred  to  above. 
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THE  DIET  OF  THE  NOKTH  AMERICAN  INDIANS.— But  before  doing 
this,  the  food  of  the  Indians  of  this  continent  before  their  range  of 
land  had  been  restricted  will  be  considered.  In  general,  in  the  northern 
portion  of  the  continent,  the  diet  was  three-fourths  animal  food;  in 
the  southern  part,  it  was  three-fourths  vegetable,  while  among  the  tribes 
of  the  coast,  mountains,  lakes  and  plains,  it  varied  according  to  the  food 
supply.  The  absence  of  dairy  food  limited  the  natural  increase  of  popu- 
lation. The  food  supply  changed  with  the  seasons,  causing  the  diet  at 
different  periods  of  the  year  to  vary  in  its  ratio  of  animal  to  vegetable 
constituents.  Diet  was  also  regulated  or  modified  by  religious  customs. 
For  example,  the  Apache  and  Navajo  would  not  eat  fish  or  the  flesh  of 
bear  or  beaver,  and  other  tribes  possessed  taboo  or  totemic  animals  which 
though  useful  for  food  were  not  eaten. 

In  inhospitable  regions,  inland  from  the  Texas  coast,  in  the  sixteenth 
century,  the  natives  subsisted  on  whatever  they  could  find.  Cabez  de 
Vaca  wrote  of  the  Yquazas : 

Their  support  is  chiefly  roots,  which  require  roasting  two  days;  many  are  very 
bitter.  Occasionally  they  take  deer,  and  at  times  fish,  but  the  quantity  is  so  small 
and  the  famine  so  great  that  they  eat  spiders  and  the  eggs  of  ants,  worms,  lizards, 
salamanders,  snakes  and  vipers;  and  they  eat  earth  and  wood.  They  save  the 
bones  of  the  fishes  they  consume,  of  snakes,  and  other  animals,  that  they  may  beat 
them  together  and  eat  the  powder. 

Almost  the  same  may  be  said  of  the  Maidu  of  California,  who,  in 
addition  to  consuming  every  edible  product,  eat  badgers,  skunks,  wild- 
cats and  mountain  lions,  practically  all  birds  except  the  buzzard,  yellow- 
jacket  larvae,  grasshoppers,  locusts  and  crickets,  and  even  salmon  bones 
and  deer  vertebrae. 

Vegetable  food  comprised  a  vast  array  of  the  products  of  plant  life, 
of  which  roots  and  seeds  were  the  most  valuable.  The  most  important 
food  plant  possessed  by  the  Indians  was  maize,  which  formed  and  still 
forms  their  principal  means  of  subsistence.  Uncultivated  plants,  as  seeds, 
roots  and  flowers  of  grasses  and  other  plants,  or  parts  of  plants  used  for 
flavoring,  etc.,  also  entered  into  the  dietary.  In  numberless  cases  wild 
plants  have  preserved  tribes  from  starvation.  In  the  southwest  of  the 
continent,  cactus  and  yucca  fruits,  mesquite  beans  and  the  agave  were 
most  important  elements  of  the  food  supply.  As  in  Mexico,  the  roasted 
fleshy  leaves  and  leaf  matrix  of  the  agave  were  prized  as  sweet,  nourish- 
ing food.  Tuckaho  and  other  fungi  were  used  for  food  by  the  eastern 
Indians.     The  north  Pacific  tribes  made  much  use  of  the  sweet  inner 
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bark  of  the  lieinlock  and  spruce.  Salt  was  tabooed  by  the  Onondaga,  and 
lye  substituted  by  some  of  the  southern  Indians.  Chile,  which  is  of 
Mexican  origin,  became  known  throughout  the  Southwest,  and  saffron,  an 
introduced  plant,  is  still  in  use  there  to  Havor  and  color  food.  Through- 
out xSew  England  and  southeast  Canada  sugar  was  produ(!ed  by  the  evapo- 
ration of  the  maple  sap.  In  the  Southeast  it  was  derived  from  the  willow 
and  agave.  In  some  localities  clay  was  eaten,  either  alone  or  mixed  with 
food  or  taken  in  conjunction  with  wild  potatoes  to  mitigate  the  griping 
effects  of  the  acrid  tuber. 

In  general,  buifalo,  the  deer  family  and  fish  were  the  animals  most 
useful  for  food.  Some  woodland  tribes  depended  on  deer,  while  the  coast 
and  river  tribes  usually  made  special 

use  of  fish  and  other  products  of  lakes  2a«-^^  —  '^^^r  ■-,  .-r-  _  .  ' 
and  rivers.  The  porcupine  is  said  to 
have  been  the  chief  food  animal  of  the 
Montagnais.  All  the  edible  portions  of 
the  animal  were  put  to  use.  In  many 
cases  both  animal  and  vegetable  sub- 
stances advanced  toward  putrefaction 
were  preferred,  as  salmon  eggs  which 
were  stored  in  sand  by  the  Alaskans, 
and  immature  corn  in  the  ear  w^hich 
the  Hurons  are  said  to  have  soaked  in 
water  until  it  became  putrid,  when  soup 
was  made  of  it. 

The  description  of  the  manner  in 
which  these  Indians  were  accustomed  to 
procure  their  food  supply,  before  their 
hunting  grounds  were  taken  from  them 
and  the  buffaloes  disappeared,  has  been 
introduced   because  it   referred   to  the 

original  inhabitants  of  the  land,  and  because  the  food  of  some  of  the 
tribes  was  similar  to  that  now  eaten  by  existing  primitive  people.  With 
few  exceptions,  the  Indians  of  North  America  and  Canada  were  of  a 
higher  type  than  the  Australians,  Bushmen  of  South  Africa  and  the 
Veddahs,  but  some,  notably  the  Maidu  of  California,  may  be  placed 
in  the  same  category.  Moreover,  according  to  some  authorities,  it  was 
in  North  America  that  the  very  first  primate  originated,  and  perhaps, 
although  this  may  be  considered  a  far-fetched  view,  the  Indian  is  un- 
doubtedly the  descendant  of  the  North  American  primate. 


^^fJTf^r. 


Fig.  3. — Pueblo  Indians  Planting 
Corn.  (Courtesy  of  Smithsonian 
Institute.) 
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DIET  OF  BACKWARD  PRECIBICULTURISTS.— In  a  summary  of  the 
diet  of  the  most  backward  of  existing  precibicultural  people,  which  is 
practically  the  same  as  that  of  our  remote  hunting  ancestors,  it  may  be 
said  that  ''all  is  game  that  comes  to  their  net'' — large  animals,  when  they 
can  be  caught  or  killed;  and  when  these  are  not  available,  the  smallest 
and  most  humble  specimens  of  the  animal  world  are  not  despised, 
such  as  grubs,  worms,  scorpions,  grasshoppers,  centipedes,  crickets, 
locusts  and  hoc  omnia  genera.  White  ants  are  considered  a  delicacy, 
while  as  mentioned  before,  frogs,  toads,  lizards  and  snakes  are  consumed 
with  the  greatest  appreciation.  The  Veddah  pygmies  of  Ceylon  up  to  a 
short  time  ago  lived  in  rock  shelters  and  caves  and  subsisted  on  honey, 
grubs,  bats,  pythons,  lizards  and  an  occasional  larger  animal. 

Human  Elesh. — Some  of  the  extant  savage  tribes  are  cannibals,  but 
cannibalism  is  more  of  an  incident  than  a  custom,  for  reasons  into  which 
it  would  be  superfluous  to  enter.  A  strong  suspicion  of  cannibalism  rests 
upon  the  Neanderthaler,  but  judging  from  the  evidence  of  remains,  can- 
nibalism was  uncommon  among  early  races,  and  all  evidence  is  against 
the  theory  that  they  ate  one  another  habitually.  Big  game  is  the  food  of 
choice,  and  many  of  those  races  who  inhabit  the  immense  forests  and 
other  inaccessible  parts  of  the  world  are  uncanny  in  their  skill  in  track- 
ing, entrapping  and  killing  animals  even  of  the  largest  size. 

Big  Game. — Big  game  supplies  the  bulk  of  the  animal  food  supply 
of  the  extant  precibiculturists.  The  Andamanese  or  Semangs  of  the 
Malay  Peninsula  have  the  hunting  instinct  so  abnormally  developed  that 
they  are  able  to  track  a  snake  by  smell  and  are  quite  extraordinary  hunters 
of  big  game.  It  is  related  that  when  they  see  elephants  ascending  a  hill, 
small  parties  of  two  or  three  will  lie  in  wait  armed  with  splinters  of  bam- 
boo, which  have  been  hardened  in  the  fire  and  tipped  with  poison.  The 
elephant  descends  the  hill  slowly,  the  Semang  steals  behind  it  and  seizing 
bis  opportunity,  drives  the  poisoned  splinter  into  the  sole  of  the  elephant's 
foot.  These  same  men  are  also  said  to  kill  the  rhinoceros  by  placing  tiny 
strips  of  poisoned  bamboo  in  the  jungle  path  frequented  by  game.  They 
are  amazingly  clever  in  the  manufacture  of  snares,  nooses  and  traps  of  all 
kinds.  Like  their  simian  precursors,  they  make  use  of  the  almost  endless 
varieties  of  creepers  with  which  the  jungle  abounds,  some  of  which  rival 
steel  in  elasticity  and  strength,  while  others  may  be  compared  with  the 
finest  wire  for  flexibility  and  toughness (4). 

The  mode  of  life  of  the  pygmies  is  nearer  to  that  of  the  living  anthro- 
poid apes  than  in  the  case  of  any  other  group  of  mankind.  They  were 
and  are  still,  to  some  extent,  the  neighbors  of  elephants,  rhinoceri,  hip- 
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popotami,  as  well  as  of  the  anthropoid  apes.  Indeed,  they  represent  the 
earliest  type  of  lone  hunters  of  the  jungle,  inhahiting  their  depths  on 
inaccessible  and  remote  hills.  The  native  Australians  who  live  inland 
are  also  expert  hunters,  but  are  not  so  acute  of  brain  as  the  pygmies. 
Nevertheless,  they  nuinage  to  subsist  mainly  on  the  kangaroos  and  other 
marsupials  which  they  ensnare  or  kill. 

Fish  Food. — The  Eskimos  depend  for  their  food  supply  chiefly  on 
the  seal,  walrus  and  whale;  the  Fuegans  live  mainly  on  seal  and  por- 
poises; other  tribes,  inhabiting  the  vicinity  of  the  sea,  catch  turtles, 
sw^ordfish,  salmon  and  other  fish  to  augment  their  limited  larder.  In  this 
connection,  it  is  interesting  to  note  that  a  harpoon,  identical  in  make  and 
composition  to  that  employed  by  men  many  thousand  years  ago,  is  used 
at  the  present  time  by  the  Eskimo  for  seal,  and  the  Andamanese  for  spear- 
ing turtle.  Similar  harpoons  are  used  by  the  American  Indians,  Ainus, 
Kurile  Islanders  and  Yahgans.  Polybius  has  described  an  exactly  similar 
method  of  fishing  for  swordfish  as  in  use  during  his  day  in  the  Mediter- 
ranean, that  is,  from  135  to  50  B.  C.(5). 

All  maritime  tribes,  whether  living  on  the  shores  of  oceans  or  seas, 
or  inhabiting  the  neighborhood  of  lakes  or  rivers,  subsist  largely  on  fish 
which  they  catch  and  eat  in  the  same  manner  as  in  prehistoric  times. 
There  is  some  difi^erence  of  opinion  as  to  whether  the  races  referred  to  at 
the  beginning  of  this  section  eat  flesh  raw  or  cooked.  Some  authorities 
assert  that,  contrary  to  popular  belief,  the  Indians,  as  a  rule,  prefer  cooked 
food,  and  that  the  Eskimos,  whose  name  signifies  "eaters  of  raw  flesh," 
eat  uncooked  meat  only  when  absence  of  fuel  prohibits  cooking,  or  as  a 
side  dish.  Campbell  states  that  the  Eskimo  never  hesitates  to  devour 
frozen  flesh  raw,  and  considers  the  raw  viscera  of  the  ptarmigan  a  great 
delicacy.  Even  when  these  primitive  people  cook  food  it  is  only  sub- 
jected to  heat  for  a  short  time  and  is  seldom  more  than  partially  cooked. 
Sun  drying  is  largely  resorted  to  in  the  case  of  insects,  flesh  food  and  fish 
by  primitive  people,  after  which  process  it  is  stored.  The  Boers  of  South 
Africa  sun  dry  meat,  which  is  known  as  biltong. 

VecxEtable  Foods. — It  has  been  sufliciently  emphasized  that  roots 
formed  the  staple  aliment  of  precibiculturists,  and  that  to  women  fell  the 
lot  of  digging  this  food. 

Small  Seeds. — Payne  holds  that  the  cultivation  of  cereals  paved  the 
way  to  civilization,  but  the  truth  is  rather  that  it  was  to  no  one  form  of 
food  to  which  civilization  may  be  ascribed.  The  cereals  are  easily  the 
most  important  products  of  the  vegetable  world,  owing  to  their  nutritive 
properties  and  to  the  fact  that  they  can  readily  be  preserved  by  storage 
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and  other  means ;  on  the  other  hand,  it  must  not  be  forgotten  that  there 
are  other  vegetable  foods  which  are  highly  nutritious,  among  which  the 
pulses  occupy  a  foremost  rank.  It  has  also  been  pointed  out  that  of  the 
small  seeds,  the  grass  seeds  were  the  most  important,  for  it  was  owing 
to  these  seeds  that  the  cultivation  of  cereals  was  initiated.  Whatever  may 
have  brought  about  the  beginnings  of  cultivation,  it  is  enlightening  to 
find  that  many  primitive  people,  who  lived  chiefly  on  seeds  and  fruit, 
never  discovered  how  to  improve  the  wild,  rudimentary  seeds  and  fruits 
by  cultivation.  ^This  is  the  case  with  the  Luiseno  Indians,  who  divided 
up  the  land  among  the  various  families,  and  lived  on  the  seeds  of  wild 
oats,  clover,  sage  and  chenopodium  as  well  as  on  acorns,  berries  and  bulbs, 
but  planted  nothing."  The  Kivakiuti  Indians  in  North  America  collected 
berries  and  roots,  drying  them  for  use  in  winter,  and  eating  them  with 
fish  oil (3).  ^The  Australian  women  regularly  collected  wild  rice,  millet 
and  leguminous  seeds,  which  they  ground  into  a  sort  of  meal.  In 
Selangore,  Malaya,  the  natives  were  accustomed  at  certain  seasons  to  go 
to  those  parts  of  the  jungle  where  there  were  many  fruit  trees.  They  ate 
fruit  in  small  shelters  erected  for  the  purpose.  Having  noticed  that  there 
were  more  young  trees  near  these  huts,  they  made  fresh  shelters  in  various 
places,  and  even  went  so  far  as  to  clear  away  the  jungle  around  the  young 
trees,  but  they  never  planted  a  single  tree" (4).  There  are  several  primi- 
tive races  now  extant  who  do  not  cultivate  the  land  and  others  who  only 
cultivate  it  slightly.  They  collect  the  seeds  of  various  grasses  which  they 
store  and  eat,  but  go  no  further. 

Larger  Seeds  and  Nuts. — The  acorn,  cactus,  watermelon  and  so  on 
were  largely  consumed  by  the  precibiculturists.  Acorns,  wherever  the  oak 
tree  flourishes,  were  a  favorite  food  of  the  early  European  races  as  they 
are  still  of  some  of  the  primitive  people  of  the  earth.  In  the  brushwood 
of  the  temperate  climes  and  on  river  sides,  besides  the  acorn  will  be  found 
hazel-nut,  hawthorn,  w^alnut  and  edible  chestnut. 

Fruits  and  Berries. — Many  luscious  fruits  and  berries  were  and  still 
are  eaten.  Among  the  fruits  in  tropical  or  semitropical  climates,  the 
banana  and  breadfruit  are  the  most  nutritious  and  agreeable  to  the  taste. 
Ancestral  forms  of  both  of  these  fruits  were  flourishing  as  far  back  as  the 
Eocene  period.  If  it  were  not  for  the  banana  and  the  breadfruit,  many 
of  the  precibiculturists  of  the  present  day,  notably  those  of  the  Pacific 
Islands,  would  be  forced  to  starve  or  learn  to  work.  The  banana  is  one 
of  the  most  nutritious  foods,  because  of  its  considerable  carbohydrate  and 
small  protein  content,  and  also  because  it  can  be  made  into  flour  and 
cooked  as  bread.    It  is  closely  followed  by  the  fig,  the  grape  and  the  date, 
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the  last  named  coustituting  the  staple  diet  of  the  Arab  raees.  Green  vege- 
tables are  eaten  by  the  native  Australians  and  by  the  Californians,  espe- 
cially clover  in  the  spring. 

Honey. — The  anticjiiity  of  honey  is  not  known;  there  is  nothing  to 
show  whether  the  honey  ant,  termites  and  the  honey  bee  existed  in  the 
Eocene,  period,  but  it  is  known  that  in  the  Pliocene  period,  in  Mesopo- 
tamia, for  example,  honey  was  eaten  by  the  lemurs,  anthropoid  apes,  and 
by  our  precursors.  The  Australian  aborigines  are  large  consumers  of 
honey.  In  fact,  wherever  the  climate  is  propitious  and  the  honey  makers 
can  live,  honey  is  a  favorite  article  of  diet  of  primitive  people. 

Condiments. — The  subject  of  condiments  will  be  exhaustively  consid- 
ered in  this  volume/  and  the  matter  perhaps  has  no  influential  l)earing 
on  the  evolution  of  man's  diet.  Nevertheless,  the  question  of  rendering 
food  which  is  naturally  insipid  and  unpalatable,  appetizing,  by  the  addi- 
tion of  savory  substances  known  as  condiments,  has  from  certain  points 
of  view  a  relation  to  dietary  evolution. 

Appetizing  food,  even  while  it  is  still  in  the  mouth,  and  before 
entering  the  stomach,  excites  the  secretion  of  the  gastric  and  pan- 
creatic juices  and  that  of  the  saliva,  so  that  a  food  that  is  unpalatable  and 
indigestible  may  be  readily  digestible  if  it  is  rendered  appetizing  by  the 
agency  of  a  condiment.  The  Hindoo  adds  curry  to  his  tasteless  rice  and 
the  Spaniard  onions  to  his  bread.  For  a  similar  reason,  condiments  are 
added  to  palatable  food  in  order  to  heighten  its  appetizing  qualities,  as 
for  instance,  mustard,  caper  sauce,  apple  jelly  and  last  but  not  least,  salt, 
for  salt  is  essentially  a  condiment,  since  the  daily  food  ingested  by  the 
civilized  man  provides  sufficient  sodium  salts  for  the  body  needs,  although 
such  food  is  not  salty  to  the  taste. 

The  action  of  salt  as  a  condiment  deserves  further  study  (see  Chapter 
XI  of  this  Volume)  because  the  development  of  flavor,  which  the  addition 
of  salt  induces,  is  due  to  increased  osmotic  action.  The  addition  of  salt 
conspires  to  produce  an  isotonic  fluid  with  more  rapid  traveling  activi- 
ties, stimulating  salivary  flow  and  subsequently  the  secretion  of  the  gas- 
tric fluid.  The  evidence  in  favor  of  the  use  of  salt  and  of  other  condi- 
ments is  that  the  palatability  of  food  is  increased,  and  probably  also  its 
absorption  value.  It  must  be  borne  in  mind  that  saliva  digests  starchy 
material  and  stimulates  the  secretion  of  gastric  juice,  which  stimulates 
the  intestine  when  the  gastric  juice  enters  the  duodenum.  An  enzyme  is 
produced  in  the  mucous  membrane  to  which  Bayliss  and  Starling  have 
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given  the  name  of  secretin.  This  in  turn  is  absorbed  and  carried  by  the 
blood  to  the  pancreas,  to  which  it  acts  as  a  stimulant  and  causes  it  to 
secrete  an  active  digestive  juice.  It  is  therefore  a  desirable  object  to 
increase  the  flow  of  the  saliva  by  means  of  condiments  added  to  otherwise 
unpalatable  food. 

Man  used  condiments  ages  ago,  probably  when  he  first  became  gre- 
garious. He  did  this  first  by  coction,  not  long  after  he  had  learned  the 
art  of  roasting  flesh.  He  found  that  such  meat  was  palatable  and  easily 
digested  on  account  of  its  sodium  chlorid  content.  He  then  learned  the 
habit  of  smearing  his  cooked  vegetables  with  drippings  of  fat  from  the 
roasted  meat.  Salt  was  the  condiment  next  employed,  and  for  many  cen- 
turies, condiments  too  numerous  almost  to  name  have  been  used. 

Precibicultukists  as  Botanists. — But  the  use  of  this  wide  variety 
of  foods  came  about  after  centuries  of  small  advances.  ^'Necessity  is  a 
hard  master,  but  whoever  fully  graduates  in  this  school  has  thoroughly 
learned  his  lesson.''  This  saying  applies  with  great  force  to  the  precibi- 
culturists  in  their  search  for  and  preparation  of  food.  With  them  it  was 
■  a  case  of  the  survival  of  the  fittest,  for  those  who  did  not  learn  which 
vegetables  or  plants  were  good  to  eat  or  how  to  prepare  them  in  the  best 
way,  did  not  survive.  By  generations  of  this  striving  with  nature  to 
wrest  from  her  a  living,  these  people  developed  a  marvelous  instinct  as  to 
which  plant  was  nutritious  and  which  poisonous,  and  this  instinct  has 
been  handed  down  to  the  present  generation  of  primitive  men.  This 
^'handing  down"  from  generation  to  generation  may  also  be  rightly 
termed  the  reeducation  of  each  generation  in  the  judicious  selection 
and  preparation  of  vegetable  foods.  Knowledge  of  this  character  ac- 
quired through  enormous  toil  and  pain  is  one  not  likely  to  be  lost. 

All  the  precibiculturists  are  practical  and  sound  botanists,  and  they 
not  only  have  learned  to  choose  plants  best  adapted  to  nourish  them, 
but  also  how  to  prepare  these  natural  products  in  the  most  eftective  and 
suitable  manner  possible.  They  are  versed  in  the  best  modes  of  gathering 
and  hulling  the  wild  cereals,  how  to  dry,  grind  and  store  berries  and 
roots,  and  to  make  biscuits  and  cakes,  and  they  are  able  to  distinguish  be- 
tween a  poisonous  and  innocuous  plant  with  unerring  accuracy.  The 
pygmies  were  the  very  first  race  to  acquire  a  thorough  knowledge  of  bot- 
any and  to  realize  its  importance.  If  a  pygmy  is  of  the  opinion  that  a 
fruit  may  be  poisonous,  he  will  soak  it  for  two  or  three  days,  and  then 
give  it  to  one  of  his  dogs,  and  if  the  animal  does  not  become  ill,  he  will 
eat  it  himself.  Even  from  unpleasant  tasting  and  poisonous  vegetable  sub- 
stances pygmies  will  prepare  wholesome  and  palatable  foods  by  maceration 
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and  the  application  of  1 


are  excellent  botanists,  and  on  occasions 


icat.  it  is  well  known  that  many  American  tribes 
good  h(U'balist  doctors.  As  strik- 
ing evidence  of  their  knowledge  of  herbs,  Raffour(r))  states  that  the  very 
first  botanic  garden  in  which  medical  herbs  were  grown  for  the  use  of 
medical  students  and  thoir  teachers  seoms  to  have  been  in  Mexico. 

The  Beverages  of  Precibicultural  Man. — The  beverages  used  by  ancient 
races  are — (a)  water,  (h)  milk,  (c)  oil,  {d)  the  juices  of  fruits  and 
sap  of  trees,  (e)  fermented  liquors,  (/)  distilled  liquors,  (g)  tea  infu- 
sion, (h)  coffee  infusion,  (i)  chocolate  and  broths.  Blood  was  occasion- 
ally used  as  a  beverage  in  days  long  past.  The  Huns  are  said  to  have 
been  in  the  habit  of  drinking  the  blood  of  their  horses,  and  it  is  also 
stated  that  the  Ostjaks  of  the  Obi  valley  were  very  fond  of  reindeer  and 
bear  blood,  which  they  drank  while  warm.  The  blood  of  human  victims 
was  at  one  time  drunk  by  some  cannibals  and  savage  warriors. 

WATER.— Water  is  the  natural  drink  of  the  races  who  have  advanced 
little  in  development.  The  animal  or  man  who  drinks  only  to  quench  his 
thirst,  does  so  v^^ith  the  means  by  which  this  aim  can  be  most  effectually 
attained.  It  was  an  instinct  with  primeval  man,  as  with  the  rest  of  the 
brute  creation,  to  assuage  his  thirst  v^ith  water,  which  is  still  an  instinct 
with  the  precibiculturist.  It  is  true  that  many  of  them  rapidly  develop 
a  taste  for  alcohol,  but  this  is  an  acquired  taste,  an  abnormal  appetite. 
However,  in  their  wild  state  they  know  nothing  of  fermented  beverages, 
which  belong  more  or  less  essentially  to  the  agricultural  period. 

Water  is  the  main  and  universal  drink  of  precibiculturists,  and  the 
water  which  they  use  for  drinking  purposes  is  procured  from  lake,  pool, 
spring  or  stream.  In  dry,  sandy  countries,  in  lands  in  which  droughts 
are  long  continued  and  frequent,  as  in  parts  of  Australia,  the  aborigines 
have  been  known  to  dig  wells  to  a  depth  of  several  feet.  But  this  is  very 
seldom  done,  for  two  reasons :  first,  because  it  entails  too  much  hard  work 
w^hen  they  lack  the  appliances  requisite  for  digging;  second,  because  most 
primitive  people  are  nomads,  and  whenever  possible  choose  sites  for  an 
encampment  where  water  is  easily  available.  Furthermore,  on  account  of 
the  wandering  habits  of  precibiculturists,  and  also  because  they  travel  in 
small  numbers,  the  water  they  drink  is,  for  the  most  part,  free  from  con- 
tamination and  infected  matter,  and  therefore  water-borne  diseases  are 
practically  unknown  to  them. 

Primitive  man,  in  the  majority  of  instances,  drinks  in  the  same  man- 
ner as  his  ancestor,  the  anthropoid  ape.  He  bends  down  and  applies  his 
mouth  directly  to  the  liquid  and  sucks  it  up,  or  he  may  make  use  of  his 
hands  as  a  receptacle.    Mr.  Hillier,  quoted  by  Campbell,  says  that  certain 
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Australian  tribes  employ  a  method  of  drinking  which  may  be  described 
as  '^hand  lapping."  The  water  is  shot  with  remarkable  accuracy  from 
one  hand  into  the  mouth,  which  is  held  from  twelve  to  eighteen  inches 
above  the  pool,  the  hand  traveling  to  within  about  six  inches  of  the  mouth. 
Drinking  vessels  of  any  description  are  only  quite  occasionally  used.  It 
is  an  interesting  fact,  and  one  which  may  be  recommended  to  the  attention 
of  the  medical  profession,  that,  like  the  lower  animals,  primitive  man 
seldom,  if  ever,  drinks  with  his  meals. 

But  although  it  is  probably  blind  instinct  which  prompts  primitive 
peoples  not  to  drink  with  their  meals,  not  the  knowledge  that  the  habit  is 
not  conducive  to  good  health,  they  are  not  entirely  ignorant  of  the  fact 
that  water  possesses  medicinal  properties.  Some  savage  races,  notably  the 
native  Australians,  drink  large  quantities  of  water  for  the  relief  of  dys- 
pepsia. It  is  possible  that  the  imbibing  of  considerable  quantities  of  hot 
water,  which  was  prescribed  by  many  physicians  not  long  ago  in  the  treat- 
ment of  indigestion,  may  have  had  its  origin  in  the  practice  of  these  sav- 
age tribes.  The  cold  bath  is  also  occasionally  recommended  by  those 
versed  in  medical  lore  among  primitive  people.  The  Fuegans,  when  suf- 
fering from  certain  complaints  of  a  feverish  character,  in  the  endeavor  to 
promote  perspiration,  imbibed  copious  draughts  of  water,  presumably 
hot,  and  the  northern  California  Indians  employ  a  Turkish  bath  to  open 
the  pores  of  the  skin  freely,  with  the  view  of  relieving  or  curing  various 
infections. 

MILK.— The  ancients — by  these  we  mean  the  Greeks,  Eomans  and  per- 
haps the  Egyptians — did  not  drink  animal  milk  to  any  extent  as  a  bever- 
age, but  converted  it  into  cheese.  Dogs'  and  cows'  milk  was  used;  the 
milk  of  the  former  is  not  much  used  nowadays,  but  the  milk  of  the  cow, 
ewe,  goat  and  ass  in  Europe  and  America,  of  the  buffalo  in  Africa,  of  the 
camel  in  Persia,  of  the  mare  in  Tartary,  of  the  reindeer  in  Lapland,  of 
the  llama  and  vicuna  in  South  America,  and  of  the  yak  in  the  Pamirs  and 
Tibet,  has  been  and  is  still  used  largely  for  drinking  purposes,  as  well  as 
for  making  cheese  and  butter. 

OIL. — Oil  was  and  is  still  used  by  some  of  the  northern  races,  although 
more  with  the  view  of  maintaining  their  animal  heat  than  as  a  beverage. 
The  drinking  of  oil  dates  back  to  the  period  when  man  first  lived  in  Arctic 
regions.  It  was  an  instinct  with  him,  as  much  as  drinking  water  to 
quench  thirst  was  with  the  savage.  The  amount  of  oil  and  blubber  in- 
gested each  day  by  an  Eskimo  is  prodigious.  However,  all  people  who 
live  in  very  cold  climates  imbibe  oil  and  oleaginous  food  as  necessities. 
It  is  related  that  after  Napoleon  was  finally  beaten,  and  there  was  a  large 
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gathering  of  allied  troops  in  London  to  (ciebrate  this  event,  the  Siberian 
Cossacks,  who  were  among  these  troops,  swarmed  around  the  street  lamps, 
which  at  that  time  were  lighted  by  moans  of  oil,  and  eagerly  consumed 
the  oil  contained  therein.  Also  not  long  after  this  peaceful  incursion  of 
the  Cossacks  from  the  Don,  London  experienced  a  dearth  of  tallow  can- 
dles. 

JUICES  OF  FRUITS.— It  is  reasonable  to  suppose  that  the  cocoanut 
flourished  countless  ages  ago.  Indeed,  palm  trees  are  known  to  have  ex- 
isted in  the  Eocene  age.  This  being  the  case,  there  can  be  little  doubt 
that  the  abundant  juice  of  the  cocoanut  furnished  milk  even  before  agri- 
culture and  the  domestication  of  animals  was  practiced.  This  milk  was 
without  doubt  the  most  ancient  of  lacteal  ihiids,  and  was  used  by  the  mefi 
of  those  times  to  quench  thirst  when  cool  water  was  not  accessible,  in  the 
same  manner  as  the  primitive  races  of  such  regions  employ  this  juice  at 
the  present  time. 

It  may  also  be  assumed  that  in  tropical  and  warm  climates  our  ances- 
tors took  advantage  of  the  juices  of  some  of  the  fruits  and  employed  them 
as  cooling  beverages. 

FERMENTED  LIQUORS.— With  regard  to  the  drinking  of  alcohol  in  any 
form  among  primitive  men,  little,  perhaps  none,  was  consumed.  The 
same  may  be  asserted  of  existing  precibiculturists,  but  with  a  certain 
amount  of  reserve. 

According  to  Giradin,  the  Araucanians  before  having  had  relations 
with  other  nations,  made  the  fermented  drink,  now  called  chica,  of  maize. 
The  Chinese  almost  from  time  immemorial  have  drunk  a  liquor  made 
from  rice  fermentation.  Beer  is  supposed  to  have  been  invented  in  1996 
B.  C.  Herodotus  and  other  historians  state  that  beer  was  the  most  com- 
mon drink  among  the  Egyptians,  who  called  it  hekt.  From  the  results  of 
an  investigation  as  to  the  use  of  fermented  drinks  by  prehistoric  peoples, 
M.  G.  de  Mortillet  concludes  that  the  lake  dwellings  of  CTlairv^aux  in  the 
Jura,  and  of  Switzerland,  show  that  the  neolithic  people  of  Central 
Europe  had  a  wine  made  from  raspberries  and  mulberries,  and  the  dwell- 
ings of  Bourget  in  Savoy  and  various  stations  in  the  Alps  appear  to  tes- 
tify that  the  use  of  this  wine  continued  through  the  Bronze  Age.  On  the 
southern  slope  of  the  Alps,  the  relics  of  the  dwellings  built  between  the 
prehistoric  and  protohistoric  ages  reveal  the  use  of  another  fermented 
liquor  prepared  from  the  dogw^ood.  Traces  of  the  use  of  grape  wine  are 
found  in  the  terra  mares  of  the  plain  of  the  Po,  going  as  far  back  as  the 
earliest  Bronze  Age (13). 

The  precibiculturists  of  the  present  time  make  some  artificial  drinks 
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on  a  small  scale.  The  native  Australians  make  a  beverage  by  dissolving 
manna,  a  sweet  substance  which  exudes  from  the  leaves  of  certain  gum 
trees,  and  gum  acacia  in  water.  Reference  has  already  been  made  to  a 
kind  of  cider  made  from  manzanita  berries  by  the  California  Indians. 
Referring  to  this  beverage,  Campbell  does  not  seem  to  regard  it  as  an 
alcoholic  beverage,  although  he  calls  it  a  liquor.  He  says,  ''The  precibi- 
culturists  are  wholly  ignorant  of  the  art  of  making  alcohol,  and  that  dis- 
covery belongs  to  the  agricultural  period.''  It  undoubtedly  is  true,  in  the 
main,  that  the  ancient  precibiculturists  were  probably  entirely  ignorant 
of  how  to  make  alcohol.  I3r.  Charles  Rice (16)  in  a  private  letter  re- 
ferred to  by  an  anonymous  author  said  that  while  he  supposed  it  was 
quite  possible  that  the  Hindoos  knew  distilled  spirits  quite  early,  it  has 
been  found  that  we  cannot  go  back  beyond  about  910  A.  D.  for  any 
positive  evidence.  The  precibiculturists  who  live  at  the  present  time  are 
for  the  most  part  ignorant  of  that  art,  but  not  entirely  so.  Further  valu- 
able information  with  respect  to  the  history  of  distillation  is  given  by 
Dr.  C.  E.  Pellew(15)  and  Babcock(14). 


CIBICULTURAL  EPOCH 

The  discovery  or  invention  of  cookery,  especially  of  that  branch  which 
rendered  the  boiling  of  liquids  feasible,  was  the  first  and  perhaps  the  most 
important  factor  in  the  evolution  of  man's  diet.  The  introduction  of 
agriculture  and  the  domestication  of  animals  led  to  a  further  advance. 
Whether  or  not  agriculture  preceded  the  domestication  of  animals  is  of 
small  consequence.  Scott  Elliott (2)  seems  inclined  to  think  that  domes- 
tication of  animals  was  brought  about  first,  while  Campbell  is  of  the 
opinion  that  agriculture  had  its  beginning  before  the  herdsman  came  into 
being.  Campbell  says  that  it  is  certain  that  in  the  New  World,  at  any 
rate,  plants  were  cultivated  before  animals  were  domesticated.  Scott 
Elliott  and  most  writers  on  prehistoric  times  regard  Asia  as  the  original 
home  of  the  human  species. 

Domestication  of  Animals. — The  taming  and  subjection  of  wild  animals 
was  an  immense  advance  in  civilization.  From  remains  it  appears  prob- 
able that  almost  all  our  domestic  animals  were  first  brought  under  human 
control  in  Asia.  The  dog  was  the  first  animal  to  be  domesticated,  but  as 
he  was  not  eaten,  except  under  unusual  circumstances,  it  will  be  unneces- 
sary to  consider  the  manner  in  which  his  progenitor,  the  wolf,  was  sub- 
dued and  trained.     The  reindeer  affords  a  good  example  of  the  way  in 
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which  animals  are  domesticated.  The  Tschuktchi,  a  tribe  who  live  in  a 
cold  and  inhospitable  part  of  northeastern  Asia,  possess  half  wild  herds 
of  these  animals.  They  are  only  half  taniod  and  are  liable  to  stampede 
at  any  time.  These  tribesmen  have  faint  ideas  of  breeding,  but  the  ani- 
mals are  only  used  for  food  and  clothing.  The  Lapps  have  herds  of  rein- 
deer, which  are  much  more  domesticated ;  these  animals  supply  them  with 
flesh  and  clothing,  milk  and  cheese,  and  in  addition  do  draught  work. 

Cows  seem  to  have  been  first  domesticated  some  twelve  thousand  years 
ago,  probably  at  Anan  in  Turkestan.  The  history  of  the  sheep  is  even 
more  difficult  to  trace,  hut  the  goat  is  said  to  be  descended  from  the  wild 
species  of  Asia  Minor  and  the  Grecian  Islands.  Swine  flesh  as  a  food 
was  of  greater  importance  in  prehistoric  times  than  now.  In  Caesar's 
time,  pork  with  milk  was  the  main  diet  of  the  Celts  and  their  hams  had 
a  wide  reputation  in  the  Roman  world.  The  history  of  the  common  hog 
resembles  in  most  respects  that  of  other  animals.  The  greater  part  of  our 
modern  breeds  are  descended  from  the  almost  universally  distributed 
wild  boar. 

Introduction  of  Agriculture.— Campbell  puts  the  commencement  of  the 
agricultural  period  at  30,000  years  ago,  and  if  this  conjecture  is  correct, 
then  that  period  began  some  thousands  of  years  before  the  domestication 
of  animals. 

It  is  certain,  however,  that  both  of  these  forward  steps  greatly  mul- 
tiplied man's  opportunities  to  ascend  in  the  scale  of  development,  and 
solidified  his  position  as  the  undisputed  ruler  of  the  animal  kingdom. 
Before  these  times  he  was  compelled  to  spend  most  of  his  time  hunting 
for  food.  His  brain  power  was  encouraged  to  develop  in  one  direction 
only.  When  he  was  able  to  cultivate  the  greater  part  of  his  food  supply, 
and  raise  animals  of  many  kinds  as  well  as  build  vessels  to  catch  fish,  his 
position  was  assured.  He  was  no  longer  at  the  mercy  of  the  elements  or 
of  chance,  but  could  train  them  in  many  and  diverse  directions.  Diet, 
therefore,  has  had  a  preponderating  influence  upon  the  evolution  of  man, 
and  he  has  ascended  largely  by  means  of  this  evolution.  Again,  so  long 
as  cooking,  in  all  its  branches,  was  unknown ;  cultivation  of  plants  undis- 
covered and  domestication  of  animals  not  practiced;  man  was  unable  to 
rise  much  above  the  level  of  brute  creation. 

At  first,  agriculture  w^as  carried  on  in  a  desultory  manner.  The 
ground  was  not  actually  cultivated,  but  areas  of  virgin  soil  were  utilized 
for  raising  crops  and  then  abandoned  for  some  other  location  of  a  like 
character.  Man  was  still  more  the  hunter  than  the  farmer ;  the  habits  of 
generations  could  not  be  given  up  at  once,  and  for  a  long  period  he  hunted 
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and  fished  and  lived  chiefly  on  flesh.  At  hest,  his  methods  of  cultivation 
were  elementary. 

As  agriculture  developed,  he  began  to  obtain  the  bulk  of  his  animal 
food  from  domesticated  animals  and  fishing,  and  his  vegetable  food  was 
supplied  chiefly  by  his  farming  activities,  although  he  still  ate  small 
amounts  of  uncultivated  vegetable  food.  His  progress  in  the  methods 
of  cultivating  land  and  of  breeding  animals  was  necessarily  slow.  Certain 
races  of  men  were  better  adapted  for  what  may  be  termed  stationary 
agriculture  than  others.  To  the  long-headed  Mediterranean  races  may 
be  credited  the  beginnings  of  agriculture,  and  to  the  brachycephalic  type 
of  mankind,  inhabitants  of  Asia,  may  be  attributed  the  domestication  of 
animals. 

STATIONARY  AGRICULTURE.— It  is  a  fascinating  study  to  try  to  trace 
the  origin  of  any  happening  which  has  conduced  to  the  betterment  of  the 
race,  and  naturally  the  question  of  the  beginnings  of  stationary  agricul- 
ture are  of  supreme  interest.  At  best,  it  is  largely  guess  work  and  the 
nearest  guess  as  to  the  date  of  the  first  harvest  is  between  15000  B.  C. 
and  10000  B.  C.  A  few  thousand  years,  when  considering  the  evolution 
of  man's  diet,  is  of  no  especial  moment.  Campbell  puts  the  commence- 
ment of  stationary  agriculture  at  15,000  years  ago.  Our  cultivated  plants 
should  supply  some  sort  of  an  explanation  of  this  puzzle.  If  most  of  them 
are  found  wild  in  one  district,  the  likelihood  is  that  the  first  harvest  field 
was  in  this  section.  However,  it  is  obvious  that  there  must  have  been  two 
centers,  one  of  which  was  in  the  Old  World  and  the  other  in  the  New 
World.  According  to  Herodotus,  at  the  time  the  pyramids  were  built  in 
Chaldea,  6000  B.  C,  onions,  leek,  garlic,  carrot,  parsnip,  turnip,  beet 
and  lettuce  were  cultivated,  while  wheat,  barley,  rye,  oats  and  rice  had 
been  used  for  5,000  years. 

Earxy  Agriculture  in  America. — In  America,  in  Mexico  and  Peru, 
about  the  same  time,  agriculture,  including  methods  of  manuring, 
irrigation,  was  as  well  understood  as  in  Egypt  or  Mesopotamia.  Of  the 
American  plants  the  following  are  the  most  important :  maize,  scarlet  run- 
ner and  vegetable  marrow,  which  appear  to  be  natives  of  Mexico  or  Cen- 
tral America.  Constantin  and  Bois(6)  found  in  Peruvian  tombs  at 
Ancon  four  kinds  of  maize.  Ground  nut,  manioc,  potato,  canavali,  kid- 
ney bean,  phaseolus  lunatus  and  tomato  came  from  Peru  or  Chile.  In 
fact,  the  Jerusalem  artichoke  is  the  only  American  plant  which  has  not 
been  traced  to  Mexico  or  Peru. 

Indeed,  an  American  work  dealing  with  the  relation  of  the  develop- 
ment of  agriculture,  to  the  evolution  of  man's  diet,  would  not  be  complete 
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without  a  summary  of  early  American  agriculture,  and  of  the  mode  in 
which  the  aborigines  of  this  continent  raised  their  crops. 

It  is  erroneous  to  believe  that  when  America  was  first  discovered  by 
the  white  man,  the  Indian  inhabitants  were  mere  hunters.  Of  course, 
they  depended  largely  upon  the  bison  for  their  animal  food,  but  according 
to  the  records  of  the  early  discoverers,  a  considerable  proportion  of  the 
Indians  from  the  border  of  the  western  plains  to  the  Atlantic  dwelt  in 
settled  vilhiges  and  cultivated  the  soil.  De  Soto  found  all  the  tribes  that 
he  visited,  from  the  Florida  peninsula  to  the  western  part  of  Arkansas, 
cultivating  maize  and  other  food  plants.  The  earliest  voyagers  found  the 
same  thing  true  along  the  Atlantic  shore  from  Florida  to  Massachusetts. 
Capt.  John  Smith  and  his  Jamestown  Colony  depended  at  first  for  sub- 
sistence largely  upon  the  products  of  Indian  cultivation.  Jacques  Car- 
tier  had  the  same  experience,  while  Champlain  and  La  Salle  found 
Indians  in  the  parts  of  the  continent  through  which  they  traveled,  cul- 
tivating and  subsisting  on  maize.  "Indian  corn,  the  great  American 
cereal,"  said  Brinton(7),  "was  found  in  cultivation  from  the  southern 
extremity  of  Chile  to  the  50th  parallel  of  K  latitude."  Du  Pratz(8) 
remarked,  "All  the  nations  who  inhabit  from  the  sea  as  far  as  the  Illinois, 
and  even  further,  carefully  cultivate  the  maize  corn,  which  they  make 
their  principal  subsistence." 

The  great  length  of  the  period  during  which  maize  had  been  in  cul- 
tivation previous  to  the  discovery  of  America  is  proved  by  its  differentia- 
tion into  varieties  and  by  the  fact  that  charred  corn  and  impressions  of 
corn  on  burnt  clay  have  been  found  in  the  tombs  and  in  the  ruins  of  pre- 
historic Pueblos  in  the  Southwest.  Delaware  traditions  and  proofs  found 
among  the  remains  of  the  oldest  mounds  also  show  that  the  Indians  must 
have  been  tillers  of  the  soil  in  very  early  times. 

^N'ot  only  are  we  indebted  to  the  Indians  for  the  maize  itself,  but  also 
the  methods  of  planting,  storing  and  using  it.  Bancroft (9)  says  that 
"from  the  earliest  information  we  have  of  the  Pueblo  Indians,  they  are 
known  to  have  been  tillers  of  the  soil,  and  though  the  implements  used  and 
their  methods  of  cultivation  were  both  simple  and  primitive,  cotton,  corn, 
and  wheat  after  its  introduction,  beans,  with  many  varieties  of  fruit,  were 
raised  in  abundance."  It  has  been  mentioned  that  the  very  early  in- 
habitants of  Mexico  comprehended  the  art  of  cultivating  the  soil  by  means 
of  irrigation  and  manuring.  The  same  so  far  as  irrigation  is  concerned 
may  be  said  regarding  the  Indians  of  "New  Mexico  and  Arizona. 
Hodge (10)  says,  "In  the  valleys  of  the  Salado  and  Gila,  in  South  Ari- 
zona, however,  casual  observation  is  sufficient  to  demonstrate  that  the 
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ancient  inhabitants  engaged  in  agriculture  by  artificial  irrigation  to  a  vast 
extent." 

There  is  evidence  also  to  show  that  the  early  Indians  used  fertilizers. 
The  Plymouth  colonists  were  told  by  the  Indians  to  add  fish  to  the  old 
grounds  (Bradford,  11).  The  implements  they  employed  in  cultivating 
the  ground  are  described  as  "wooden  howes"  and  "spades  made  of  hard- 
wood.'' Mention  is  also  made  of  shells  used  as  digging  implements.  Cer- 
tain stone  implements  found  in  vast  numbers  are  generally  conceded  to 
have  been  used  in  breaking  up  the  soil. 

Primitive  Milling. — It  will  be  in  place  to  refer  briefly  to  the  primi- 
tive ways  of  grinding  corn.  In  Chile  within  recent  years,  Scott  Elliott  (2) 
has  witnessed  threshing  of  corn  by  driving  a  herd  of  brood  mares  round 
and  round  in  a  circle,  and  in  so  doing  hammering  out  the  corn  with  their 
hoofs.  In  Palestine  oxen  were  used  for  the  same  purpose.  It  is  possible 
that  at  first  corn  was  simply  steeped  in  water  and  not  ground  at  all  (12). 

The  first  mill  was  obviously  any  convenient  flat  rock,  upon  which  the 
ears  of  corn  were  spread  and  crushed  and  bruised  by  a  stone.  The  quern 
was  the  most  effective  early  appliance  for  grinding  grain  into  meal  or 
flour,  and  consists  of  two  circular  stones,  the  lower  firmly  placed  in  a 
wooden  frame.  Through  the  upper  stone  is  pierced  a  small  hole,  in  which 
a  short  stick  is  tightly  fixed.  A  woman  turns  this  stick  in  the  same  way 
as  a  millstone  and  thus  grinds  the  grain.  Such  mills  date  back  to  the 
Copper  Age,  and  have  survived  up  to  recent  times  in  civilized  countries. 

But  to  return  to  the  general  discussion  on  the  development  of  agricul- 
ture, it  is  evident  that  the  establishment  of  a  system  of  stationary  agricul- 
ture meant  the  establishment  of  what  we  know  as  civilization.  So  long 
as  man  was  wholly  or  mainly  concerned  in  searching  for  and  preparing 
food,  his  aims  were  wholly  materialistic,  for  he  could  not  give  the  time 
to  any  other  employment.  After  the  domestication  of  animals,  the  culti*- 
vation  of  the  land  and  the  practice  of  cooking  had  been  placed  on  a  sound 
basis,  man  was  comparatively  free  to  launch  out  in  new  fields  of  endeavor. 
By  the  planting  of  the  first  seed  or  by  the  placing  in  the  ground  of  the 
first  kernel,  the  possibilities  for  human  development  were  immeasurably 
advanced.  Crops  yielded  twenty  or  thirty  fold  in  a  good  fertile  soil, 
therefore  sufiicient  food  for  a  large  family  could  be  raised  on  a  small 
area. 

INFLUENCE  OF  AGRICULTURE  UPON  CIVILIZATION.— This  state  of 
affairs  rendered  possible  the  forming  of  communities  where  men  could 
permanently  enjoy  the  society  of  their  fellow  men.  By  such  means  a  new 
type  of  man  was  evolved,  and  instead  of  being  the  bond-servant  of  nature, 
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he  became  in  some  degree  its  master.  As  cultivation  improved,  it  was 
found  that  only  a  small  proportion  of  the  population  was  required  to  raise 
crops,  fruits  and  cattle,  and  the  remainder  were  released  to  use  their 
brains  and  brawn  in  other  channels. 

First  villages  sprang  up,  then  towns  and  cities.  Industrialism  was 
initiated,  the  arts  had  their  disciples,  and  finally  that  complex  division 
of  labor  and  of  occupations  which  marks  the  social  progress  known  as 
modern  civilization  was  gradually  evolved.  All  this  wonderful  progress 
was  due  to  the  cultivator  of  the  soil  and  the  breeder  and  rearer  of  domes- 
ticated  animals  termed  the  farmer.  The  farmer  who  tills  the  soil  and 
raises  flocks  and  herds,  and  the  fisherman  who  reaps  the  harvest  of  the 
seas,  are  still  the  most  necessary  members  of  the  community,  for  by  the 
labor  of  the  farmer  and  fisherman,  especially  the  farmer,  sufficient  food  is 
produced  to  maintain  a  vast  population  whose  energies  are  released  for 
specialized  work.  Consequently,  up  to  a  certain  point  diet  has  played  the 
principal  part  in  the  evolution  of  man. 

Relation  of  Climate  to  Diet. — But  although  agriculture,  man's  own  in- 
vention, has  varied  and  amplified  the  food  supply,  it  is  necessary  to  em- 
phasize the  natural  features  which  affect  diet.  A  direct  relation  exists 
between  climate  and  the  consumption  of  food.  In  cold  climates,  exercise 
and  cold  sharpen  the  appetite,  and  therefore  more  food  is  consumed.  On 
the  other  hand,  in  a  warm  climate  leading  to  a  state  of  inactivity,  there 
is  less  inclination  to  eat. 

Not  only  is  there  a  correspondence  between  the  amount  of  food  in- 
gested and  the  inclination  for  taking  it,  but  probably,  from  the  exercise 
of  instinct  supplemented  by  experience,  the  nature  of  the  food  selected, 
in  different  climes,  is  found  to  vary,  and  to  constitute  that  which  is  most 
in  conformity  with  what  is  needed.  Moreover,  the  various  climates  pro- 
duce in  a  large  degree  the  kind  of  food  best  suited  to  keep  the  inhabitants 
in  health.  Vegetables  which  produce  carbohydrates  will  not  grow  in  very 
cold  climates,  and,  even  if  they  could  be  grown,  they  could  not  be  con- 
sumed in  sufficient  quantities  to  yield  the  necessary  amount  of  heat.  The 
dwellers  in  the  arctic  regions  consume  prodigious  amounts  of  heat-gen- 
erating material,  fatty  matter  procured  from  the  bodies  of  seals  and 
whales  which  abound  in  that  part  of  the  world.  Conversely,  the  inhabi- 
tants of  the  torrid  zone  subsist  chiefly  on  vegetable  products  highly 
charged  with  carbohydrate  material  in  place  of  fat.  The  vegetables  and 
fruits  which  grow  in  the  tropics  are  exactly  adapted  to  the  bodily  needs 
of  the  inhabitants.  The  succulent  fruits  and  vegetables  upon  which  the 
natives  of  very  hot  countries  prefer  to  feed,  contain  little  carbon,  whereas, 


38  THE    EVOLUTION    OF    MAN'S    DIET 

the  oil  and  blubber  which  enter  largely  into  the  diet  of  those  who  live  in 
the  extreme  north,  contain  a  very  large  proportion  of  carbon. 

A  temperate  climate  lends  itself  more  to  an  omnivorous  diet,  some- 
thing between  the  two  extremes  of  far  north  and  far  south.  Custom  in 
such  climates  has  led  to  the  selection  of  a  mixed  diet,  which  furnishes  the 
combination  of  the  two  heat-producing  principles.  The  diet  should  be 
made  to  conform  to  the  principle  of  adaptability  to  the  particular  re- 
quirement existing.  It  should  be  pointed  out  that  in  discussing  the  ques- 
tion of  the  evolution  of  man's  diet,  the  dwellers  in  the  temperate  climates 
are  almost  invariably  referred  to.  Most  of  what  has  been  said  does  not 
apply  at  all,  or  only  partly,  to  the  inhabitants  of  the  arctic  regions  and 
of  the  tropics. 

In  order  to  give  emphasis  to  these  statements,  it  will  be  of  interest  to 
quote  from  various  authors  describing  the  kind  of  food  consumed  by  the 
inhabitants  of  different  parts  of  the  globe. 

Lubbock (17)  reports  that  "the  Eskimos  are  mainly  an  animal-feeding 
people,  and  their  food  consists  of  reindeer,  musk-ox,  walrus,  seals,  birds 
and  salmon.  They  will,  however,  eat  any  kind  of  animal  food,  and  are 
fond  of  fat  and  marrow." 

Simmond(18)  says:  "The  choicest  dish  of  the  Greenlanders  is  the 
flesh  of  the  reindeer.  But  as  these  animals  have  now  become  extremely 
scarce,  they  are  indebted  to  the  sea  for  their  permanent  sustenance — 
seals,  fish  and  sea  fowl.  The  heads  and  fins  of  the  seal  are  preserved 
under  the  grass  in  summer,  and  in  winter  a  whole  seal  is  frequently 
buried  under  the  snow.  The  flesh,  half  frozen,  half  putrid,  in  which  state 
the  Greenlanders  term  it  mikiak,  is  eaten  with  the  keenest  appetite." 

Mackenzie(19)  says:  "The  diet  of  the  Icelanders  consists  almost 
solely  of  animal  food,  of  which  fish,  either  fresh  or  dried,  forms  by  far 
the  largest  proportion.  During  the  summer  they  have  milk  or  butter  in 
considerable  abundance ;  but  of  bread  and  every  other  vegetable  food,  there 
is  the  utmost  scarcity.  As  an  effect  of  these  circumstances,  cutaneous  dis- 
eases are  exceedingly  frequent.  Scurvy  and  leprosy  are  common  in  the 
island.  Scurvy  is  observed  to  occur  with  the  greatest  frequency  at  those 
periods  when  there  has  been  a  deficiency  of  food  among  the  inhabitants 
or  when  the  snow  and  frost  of  the  winter  succeed  immediately  to  a  wet 
autumnal  season.  Eor  its  cure,  a  vegetable  diet  is  employed,  in  as  far  as 
the  circumstances  of  the  Icelanders  will  allow  of  such  means." 

Wrangell(20)  writes  that  "the  food  of  the  Jakuts  of  northern  Siberia 
consists  of  sour  cow's  milk  and  mare's  milk,  and  of  beef  and  horseflesh. 
They  boil  their  meat,  but  never  roast  or  bake  it,  and  bread  is  unknown 
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iinioiig  them.  Eat  is  their  greatest  delicacy.  In  general,  they  regard 
quantity  more  than  quality  in  their  food.  They  grate  the  inner  bark  of 
the  larch,  or  sometimes  of  the  fir,  and  mix  it  with  fish,  a  little  meal  and 
milk,  or  by  preference  with  fat,  and  make  it  into  a  sort  of  broth.  They 
prepare  from  cow's  milk  what  is  called  the  Jakut  butter.  It  is  more  like 
a  kind  of  cheese  or  curd,  and  has  a  sourish  taste;  it  is  not  very  rich  and 
is  a  good  article  of  food  eaten  alone." 

F.  B.  Head (21)  says:  ^'The  Indians  of  whom  I  heard  the  most  wcro 
those  who  inhabit  the  vast  unknown  plains  of  the  Pampas  and  who  pass 
their  lives  on  horseback.  In  spite  of  the  climate,  which  is  burning  hot 
in  summer  and  freezing  in  winter,  they  have  neither  bread,  fruit  nor 
vegetables,  but  subsist  entirely  on  the  flesh  of  their  mares."  Head  said 
of  himself  that  when  he  had  been  riding  across  the  Pampas  for  three  or 
four  months  and  had  lived  on  beef  and  water,  he  found  himself  in  a  con- 
dition which  he  could  only  describe  by  saying  that  he  felt  no  exertion 
could  kill  him  (22).  Eef erring  to  the  Gauchos  of  the  Pampas  he  stated  : 
"These  people  live  entirely  on  roast  beef,  with  a  little  salt,  scarcely  ever 
tasting  farinaceous  or  other  vegetable  food,  and  their  sole  beverage  is 
mate,  or  Paraguay  tea,  without  sugar." 

It  is  said  of  the  Otaheite  Islanders  (23),  "Their  common  diet  is  made 
up  of  at  least  nine-tenths  of  vegetable  food." 

In  China  any  kind  of  food  is  eaten,  while  in  Japan  a  multiplicity  of 
food  is  found.     In  all  parts  of  the  Far  East,  rice  is  the  staple  of  diet. 

According  to  Johnston (24),  the  Abyssinians  eat  the  flesh  of  animals 
raw  when  they  desire  to  enjoy  themselves  particularly. 

Simmond(18)  says  that  "the  principal  diet  of  the  Kaflir  is  milk, 
which  he  eats  rather  than  drinks,  in  a  sour  and  curdled  state.  One  good 
meal  a  day  taken  in  the  evening,  consisting  of  the  curdled  milk  and  a 
little  millet,  is  all  that  he  requires,  and  with  this  he  is  strong,  vigorous 
and  robust." 

It  would  seem  from  a  perusal  of  the  observations  of  the  travelers 
quoted  above  with  regard  to  the  diet  of  people  in  various  climes,  that  no 
hard  and  fast  rule  can  be  laid  down  as  to  the  kind  of  food  to  be  eaten. 
Still  in  a  broad  way  the  statement  may  be  reiterated  that  instinct  and 
experience  are  generally  the  best  guides  as  to  the  form  of  food  best 
adapted  to  the  individual.  Animal  food  is  mainly  indicated  for  cold 
climates,  vegetable  food  for  the  tropics,  and  a  mixed  diet  for  the  temper- 
ate zone.  Food  adapted  to  the  inhabitants  is,  as  a  rule,  that  which  can 
be  procured  in  the  neighborhood. 
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Seasonal  Variation  of  Diet. — The  change  of  seasons  exerts  some  influ- 
ence on  the  diet  of  man.  Before  agriculture,  domestication  of  animals 
and  cooking  came  to  pass,  the  influence  thus  exerted  was  greater.  This  is 
shown  by  the  diet  of  the  primitive  races  of  the  present  day,  which  is  al- 
most entirely  regulated  by  the  seasonal  occurrence  of  vegetable  and  animal 
foods.  Among  civilized  communities  independence  of  and  indifference 
to  the  seasons  have  been  brought  about  by  the  elaborate  and  effective 
means  which  have  been  devised  for  preserving,  storing,  and  to  a  less  ex- 
tent for  artificially  producing  food. 

Among  modern  communities  an  article  of  food  is  never  out  of  season. 
Food  of  every  description,  which  can  be  raised  and  brought  to  maturity 
in  one  or  other  part  of  the  world,  is,  owing  to  the  facilities  for  rapid 
transit  on  sea  and  land,  and  more  especially  to  the  perfection  of  the 
methods  of  preservation  and  storage,  conveyed  at  any  season  of  the  year 
to  the  very  doors  of  those  who  can  afford  to  pay  for  it.  All  kinds  of  food, 
even  highly  perishable  vegetable  foods,  are  available  at  all  seasons.  Al- 
though this  system  has  its  advantages,  unfortunately  it  lends  itself  to 
abuse.  Speculators  have  been  quick  to  seize  upon  the  opportunities  af- 
forded for  making  money  at  the  expense  of  the  pockets  and  health  of  the 
community.  Also  when  food  material  is  preserved  and  stored  for  a 
long  period,  the  continued  freezing  deteriorates  the  quality  of  the  food 
and  this  system  becomes  a  menace  to  health.  Animal  food  preserved  for 
a  protracted  period  is  not  nearly  so  nourishing  as  fresh  meat,  and  when 
preserved  too  long  may  be  absolutely  injurious.  However,  preservation 
of  food  when  properly  employed  is  a  great  boon  to  the  race. 


CHANGES   IN   BODILY   STRUCTURE   AND   FUNCTION   DUE   TO 

EVOLUTION 

MODIFICATIONS    DUE    TO    VARIATION    OF    DIET 

It  is  self-evident  that  changes  in  function  and  structure  have  accom- 
panied or  followed  evolutionary  dietetic  progress.  The  faculty  of  digesting 
both  animal  and  vegetable  food  has  varied  in  the  periods  of  man's  evolu- 
tionary progress.  So  far  as  animal  food  is  concerned,  this  faculty  waxed 
and  waned  in  proportion  to  the  quantity  consumed  during  the  various  diet 
epochs,  and  was  most  in  evidence  when  man  depended  chiefly  upon  animal 
food  for  his  subsistence. 

The  capacity  of  men  of  those  times  to  digest  immense  quantities  of 
food  material  may  be  surmised  from  the  fact  that  certain  peoples  of  the 
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present  era  consume  and  digest  enormous  amounts  of  animal  food.  Of 
these  the  Eskimos,  who  perhaps  may  be  regarded  as  being  in  the  same 
stage  of  evolution  as  the  men  of  the  early  hunting  period,  are  the  most 
conspicuous  examples.  It  appears  certain  that  the  capacity  of  the  Eskimo 
to  digest  animal  food  greatly  exceeds  that  of  the  ordinary  civilized  indi- 
vidual ;  and  it  seems  even  more  certain  that  the  capacity  in  this  direction 
of  the  man  of  the  early  hunting  period  was  still  greater. 

Our  ancestors  of  the  simian  stage  possessed  the  power  to  digest  coarse 
vegetable  foods  to  an  extent  unknown  to  the  present  day  inhabitants  of 
the  earth.  Like  the  apes,  to  which  they  were  very  nearly  akin  in  those 
days,  their  jaws  and  teeth  were  formed  to  masticate  cellulose,  and  their 
digestive  organs  were  of  a  character  to  deal  effectively  with  it  and  the 
other  constituents  of  the  vegetables,  which  they  were  compelled  to  eat  in 
order  to  live.  Also,  and  this  is  an  important  point,  since  cookery  has 
done  away  with  the  necessity  for  the  prolonged  mastication  of  vegetable 
food  which  was  naturally  accompanied  by  excitation  of  the  salivary 
glands,  it  may  be  taken  for  granted  that  the  salivary  glands  of  primitive 
man  possessed  more  amylolytic  power  than  those  of  neo-man,  who,  owing 
to  the  softness  of  his  food,  masticates  little.  The  development  of  agricul- 
ture and  the  advance  of  cookery  have  had  the  effect  of  greatly  diminish- 
ing the  consumption  of  raw  vegetables ;  consequently  the  power  of  digest- 
ing this  form  of  food  has  waned  until,  at  the  present  time,  very  few  un- 
cultivated vegetable  foods  are  eaten  raw,  with  the  exception  of  a  few  of 
the  cultivated  varieties  of  fruits.  Further  modifications  in  the  digestive 
organs  were  brought  about  by  an  increase  in  the  supply  of  sugar  and 
starch.  The  cultivation  of  sugar  canes  and  other  sugar-producing  plants 
increased  man's  previous  supply  of  sugar  immensely,  and  the  ability  to 
extract  sugar  from  the  cane,  and  especially  from  the  beet  root,  augmented 
it  beyond  conception.  Long  ago  cookery  and  agriculture  added  to  the 
quantity  of  starchy  material  available  for  food,  and  in  recent  years  cook- 
ery has  added  to  the  supply  of  soluble  saccharids.  As  always,  in  utilizing 
this  additional  food  supply,  man's  digestive  organs  have  become  more  tol- 
erant of  starch  and  sugar. 

Natural  selection  has  played  the  great  part  in  all  these  adaptations. 
Those  who  could  not  adapt  themselves  to  this  kind  of  food  were  weeded 
out  in  infancy,  and  a  type  of  the  human  species  has  been,  and  is  being 
evolved,  whose  digestive  organs  are  able  to  cope  with  very  large  amounts 
of  starch  and  sugar.  The  great  personal  adaptability  of  man  to  the  vari- 
ous kinds  of  food  must  be  taken  into  consideration.  Of  the  animals  the 
frugivorous  mixed  feeding  type  is  the  most  adaptable  to  diet,    M&n  has 
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evolved  from  this  frugivorous  stage  to  that  of  the  most  omnivorous  of 
animals,  and  this  readiness  of  adaptation  to  almost  any  form  of  diet  is  a 
significant  feature  of  his  evolution.  Some  persons  have  individual  idio- 
syncrasies to  certain  kinds  of  food,  which  are  probably  atavistic  in  char- 
acter. This  hypothesis  may  explain,  in  some  degree,  the  distaste  exhib- 
ited towards  animal  food  by  numerous  persons. 

MODIFICATIONS   DUE   TO   EVOLUTION   FROM  AN 
ARBOREAL  ANCESTOR 

Professor  F.  Wood  Jones,  in  the  early  part  of  1917,  gave  a  series  of 
lectures  before  the  Royal  College  of  Surgeons  of  England,  in  which  he 
analyzed  the  various  features  of  the  human  body  which  must  be  attributed 
to  an  arboreal  lineage.  All  are  familiar  with  the  manner  in  which  the 
mammalian  body  has  been  modified  and  adapted  to  changing  conditions. 
Those  which  live  in  water  have  been  closely  studied,  and  their  structural 
adaptations  investigated  by  John  Hunter,  Knox,  Turner,  Struthers  and 
others.  It  follows  that  an  arboreal  existence  has  had  a  profound  in- 
fluence on  the  structure  of  the  body,  but  this  seems  to  have  escaped  the 
attention  of,  or  has  been  neglected  by,  the  anatomist,  despite  the  universal 
opinion  of  all  serious  students  that  man  is  the  descendant  of  an  arboreal 
stock. 

Professor  Jones  emphasizes  the  point  that  the  effect  of  this  descent 
is  still  plainly  evident  in  the  structure  of  certain  human  limbs  and  organs. 
He  pointed  out  particularly  the  limbs,  the  organs  and  functions  of  which 
will  be  discussed  later ;  but  his  observations  and  analyses  were  of  so  fasci- 
nating and  instructive  a  character  that  no  excuse  is  needed  for  giving 
here  a  condensed  account  of  his  lectures. 

The  professor  asked  the  question.  Why  is  it  that  the  arm  and  hand 
of  man  and  of  man's  congeners  retain  so  many  primitive  structural  fea- 
tures— features  which  are  sought  for  in  vain  in  the  higher  order  of  mam- 
mals, but  found  paralleled  in  the  very  lowest  mammals  and  in  reptiles 
and  in  amphibia  ?  The  answer  is  to  be  found  in  the  various  functional 
phases  in  the  evolution  of  limbs.  In  the  lowest  land-living  forms  of  ver- 
tebrate animals,  limbs  are  purely  propelling  organs,  and  are  incapable  of 
sustained  support  of  the  body.  When  the  limbs  become  capable  of  sus- 
tained support,  as  in  mammals  with  hoofs  and  claws,  they  become  pro- 
foundly altered  in  structure,  and  lose  their  primitive  characteristics.  In 
tree-living  animals,  however,  the  primitive  features  are  retained,  for  in 
climbing,  the  limbs  must  still  serve  as  propelling  rather  than  as  support- 
ing organs. 
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Professor  Jones  drew  the  following  deduction,  a  most  important  point 
in  the  evolution  of  man,  that  the  climhing  stock,  the  primates,  must  have 
heen  evolved  at  the  very  dawn  of  the  mammalian  type  of  animal,  other- 
wise these  primitive  features  of  the  limhs  could  not  have  heen  retained. 

Stress  was  laid  on  the  adaptation  of  the  hand  and  foot  for  grasping 
purposes  in  climbing  animals.  It  was  shown  that  it  was  because  the  hand 
could  grasp,  that  it  was  able  to  replace  functions  which  are  performed 
by  the  jaws  and  teeth  of  other  mammals.  The  retrogression  of  the  jaws, 
the  crowding  of  the  teeth,  the  coming  forward  of  the  eyes,  and  binocular 
vision,  are  direct  results  of  an  exchange  of  function  from  jaws  to  head. 
The  climbing  and  grasping  habit  has  led  directly  to  the  carrying  and 
nursing  of  the  young.  The  climbing  habit  brought  about  an  alteration 
of  the  uterus  and  the  production  of  only  single  offspring  at  a  birth,  for 
an  actively  climbing  mother  could  not  protect  and  carry  more. 

In  terrestrial  mammals,  smell  is  the  dominant  sense ;  the  brain  is  built 
up  round  the  olfactory  centers.  In  tree-climbers,  scent  glands  disappear; 
the  sense  of  smell  loses  its  acuity ;  the  eye,  the  ear  and  touch  become  the 
master  senses;  the  parts  of  the  brain  connected  with  these  sense  organs 
undergo  a  corresponding  development;  the  human  brain  can  be  observed 
being  built  up  stage  by  stage,  as  the  various  primate  forms  are  traced 
towards  the  human  end  of  the  phylum. 

Changes  in  the  Digestive  Organs — It  must  always  be  borne  in  mind  in 
tracing  the  evolution  of  diet  that  the  organs  of  digestion  in  animals  adapt 
themselves  to  the  food  to  which  they  are  accustomed.  Hence  our  progeni- 
tors, preceding  the  early  hunting  period,  had  developed  digestive  organs 
which  could  deal  with  the  coarse,  dense,  cellulose-containing  vegetables 
which  comprised  their  food.  Man,  in  his  simian  stage,  had  organs  of 
digestion,  assimilation  and  excretion  very  similar  to  those  of  his  im- 
mediate animal  progenitors.  With  the  introduction  of  meat  diet  as  a 
result  of  his  prowess  in  hunting,  the  organs  of  digestion  were  further 
modified  to  handle  both  animal  and  vegetable  diet.  Through  the  dis- 
covery of  the  art  of  cooking,  man  has  now  become  omnivorous,  or  nearly 
so,  which  has  resulted  in  a  subsequent  modification  of  the  digestive  system. 

The  structural  changes  in  the  digestive  system  of  evolving  man,  due 
to  alterations  and  modifications  of  diet,  are  considerable.  But  these 
functional  changes  have  not  produced  such  great  structural  changes  as 
might  have  been  expected. 

The  erect  posture  and  gait  had  more  to  do  with  the  alteration  of  the 
entire  skeleton  than  any  other  cause.  Standing  and  walking  had  a  great 
influence  upon  the  digestive  organs,  although  there  is  a  general  resem- 
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blance  between  the  digestive  organs  of  man  and  the  great  apes.  When 
compared  with  other  animals,  the  size  of  man's  stomach  is  quite  extraor- 
dinarily small,  and  supplies  the  most  obvious  reason  why  his  food  must 
be  of  a  concentrated  character. 

In  the  simian  period,  the  Liliputian  dimensions  of  his  stomach  must 
have  been  a  serious  disadvantage,  although  it  is  likely  that  for  some  time 
after  he  had  been  wont  to  walk  upright,  his  stomach  was  more  capacious 
by  far  than  in  the  man  of  today.  When,  however,  he  was  a  wandering 
hunter,  his  stomach  must  have  been  of  a  reasonably  small  size,  as  a  large 
paunch  would  have  greatly  militated  against  his  success  in  the  chase.  An 
early  hunter  with  a  too  generous  waist  line  would  have  been  an  anach- 
ronism. The  gorilla,  using  all  four  feet  to  support  his  weight,  is  able  to 
retain  an  enormous  abdomen,  but  the  upright  habit  of  our  ancestors  for- 
bade this.  One  of  the  most  marked  anatomical  differences  in  the  digestive 
organs  of  man  and  the  great  apes  is  in  the  valvulce  conniventes  of  the 
small  intestine,  which,  in  the  apes,  are  only  rudimentary.  Again,  a 
notable  difference  is  that  the  stomach  of  the  ape  and  his  kin  is  more  mus- 
cular, making  it  better  adapted  to  deal  with  the  coarse  vegetable  food 
which  constitutes  the  principal  part  of  their  diet. 

Campbell  suggests  that  it  seems  probable  that  a  type  of  individual  is 
being  evolved  capable  of  coping  with  an  excess  of  soft  food.  At  present 
a  goodly  part  of  the  bowel,  notably  the  large  intestine,  is  rendered  super- 
fluous and  may  be  the  most  prominent  factor  in  the  causation  of  that  form 
of  intestinal  toxemia  known  as  intestinal  stasis.  Among  the  factors 
that  bring  about  intestinal  stasis  in  infancy,  Sir  Arbuthnot  Lane  includes 
unsuitable  diet  and  too  frequent  feeding,  which  causes  an  abnormal  dis- 
tention of  the  intestine.  In  later  life,  according  to  Lane's  theory,  the 
condition  is  produced  or  aggravated  by  the  habitual  assumption  of  the 
erect  posture,  which  causes  delay  of  fecal  matter  in  reaching  the  large 
bowel  or  cesspool  of  the  gastro-intestinal  tract,  or,  as  best  described,  the 
"general  drainage  system  of  the  body."  The  resulting  pressure  and 
strain  may  produce  distinct  changes,  and  these  alterations  may  take  the 
form  of  evolutionary  bands,  which  are  practically  without  blood  supply. 
There  is  no  intention  to  enter  into  the  question  of  intestinal  stasis,  but 
the  matter  is  referred  to  in  order  to  point  out  that  Metchnikoff,  Lane, 
Bainbridge,  Murray,  Leslie  and  others  have  considered  unsuitable  feed- 
ing and  overfeeding  when  young,  and  the  erect  posture  in  later  life,  as  a 
contributary  cause  not  exactly  of  structural  changes  which  are  handed 
down,  but  mechanical  changes  in  the  alimentary  tract,  which  produce 
disorders  and  diseases. 
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The  Evolution  of  the  Teeth.— In  the  evolution  of  man's  diet  the  teeth, 
naturally,  play  a  prominent  role.  The  teeth  of  primates  are  shaped  in 
the  best  and  most  convenient  manner  for  dealing  with  the  diet  which 
these  animals  have  to  subsist  upon.  In  the  early  days,  the  teeth  of  man 
were  stronger  and  lasted  much  longer  because  the  vegetable  food,  which 
was  the  staple  of  diet,  needed  abundant  chewing  and  thus  kept  the  teeth 
in  exercise.  Atrophy  of  the  alveolar  process  was  then  probably  unknown. 
Before  dealing  with  the  degeneration  of  the  teeth  of  man,  it  may  be  well 
to  compare  them  with  the  teeth  of  very  early  man  and  of  some  other 
primates. 

If  the  mature  gorilla  skull  is  compared  with  that  of  an  adult  human 
being,  two  differences  are  especially  marked.  The  forward  projection  of 
the  face  is  enormously  massive  in  the  adult  male  gorilla,  the  lower  jaw 
is  heavy  and  the  molar  teeth  are  very  large,  adapted  for  coarser  and 
more  vigorous  work  than  those  of  man.  When  man  stood  erect  and  when 
the  teeth  ceased  to  be  used  for  aggressive  purposes  or  as  prehensile  organs, 
the  skull  began  to  change  in  shape,  and  the  greatest  effect  of  these  changes 
was  manifested  in  the  jawbone  (inferior  maxilla).  After  a  time,  man 
commenced  to  develop  a  chin.  At  first,  as  in  the  Ice  Age,  the  chin  was 
very  small,  the  jawbone  massive  and  the  teeth  very  large.  Just  after  the 
Ice  Age,  another  race  is  found  with  a  magnificent  chin,  but  the  jawbone 
is  still  massive  and  teeth  large.  So  long  as  man  had  to  break  up  the  cellu- 
lose framework  of  his  vegetable  food  by  his  teeth,  it  followed  as  a  matter 
of  course,  that  his  teeth  must  be  massive  and  strong. 

The  human  canine  tooth  is  nearest  to  the  earliest  type  of  tooth.  "Our 
incisors,"  according  to  Scott  Elliott,  ''do  not  differ  to  any  great  extent 
from  very  early  forms.  The  premolars  and  molars  exhibit  the  re- 
mains of  the  primitive  three-peaked  arrangement.  The  first  simple  cone- 
like tooth  developed  two  or  three  cones  or  peaks,  two  on  the  outside  in 
the  upper,  and  two  on  the  inside  in  the  lower  jaw.  The  resulting  tri- 
angles of  three  peaks  gave  the  teeth  the  exact  shape  required  for  a  perfect 
shear  and  were  most  admirably  adapted  to  tear  flesh  from  the  bones  or  to 
crush  the  beetles  and  grasshoppers,  which  were  a  part  of  the  diet  of  all 
the  early  primates.  The  carnivora  still  preserve  this  trituberculate  type 
because  they  still  have  need  of  adequate  means  for  tearing  flesh  from 
bones,  but  the  primates  below  man  and  man  himself  evolved  crushing 
teeth,  and  consequently  the  basal  part  of  the  tooth,  the  plane,  out  of  which 
the  peaks  rose,  expanded  into  cusps.  Even  the  Eocene  lemurs,  such  as 
Miacis,  show  this  development."  Chimpanzees  and  other  apes  have  five 
and  even  six  cusps,  and  when  man  ate  the  same  coarse  vegetable  food  with 
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a  large  cellulose  content  as  these  apes,  he,  too,  had  the  same  number  of 
cusps.  Indeed,  the  fifth  cusp  is  still  present  in  Tasmanian  and  Negro 
teeth,  but  has  disappeared  in  modern  Parisians  and  in  many  persons 
whose  ancestors  have  been  accustomed  for  generations  to  eat  cooked  food 
which  required  little  or  no  mastication. 

It  is  a  law  of  nature  that  any  organ  of  the  body  which  is  not  used, 
atrophies  and  finally  disappears,  and  this  law  is  well  exemplified  in  the 
evolution  of  the  teeth  of  man.  The  teeth  of  certain  primeval  men,  as 
shown  by  their  skeletons,  resemble  those  of  some  existing  primitive  races 
in  that  they  are  large  and  much  worn  and  exhibit  signs  of  laborious 
mastication.  While  the  evolution  of  diet  may  have  been  to  man's  benefit 
or  may  have  added  to  his  comfort  and  pleasure,  it  is  certain  that  his  teeth 
have  not  been  improved.  The  evolution  of  his  teeth  has  been  a  deteriora- 
tion. A  writer  has  referred  to  the  romance  of  the  teeth;  a  more  apt  ex- 
pression would  have  been  the  tragedy  of  the  teeth,  for  with  the  invention 
of  the  cooking  pot,  degeneration  set  in,  and  the  evolution  of  the  teeth 
proceeded  in  conformity  with  the  nature  of  the  task  required  of  them. 

Before  the  introduction  of  cookery,  total  absence  of  teeth  was  almost 
unknown,  for  most  vegetable  food  in  the  raw  state  required  strenuous 
mastication;  hence  man  rarely,  if  ever,  was  toothless.  His  teeth  were 
ground  down  to  the  very  gums  by  long  and  vigorous  chewing  of  thick 
and  coarse  vegetable  substances. 

With  the  advent  of  cookery  all  this  was  changed.  Man  was  no  longer 
so  entirely  dependent  upon  the  soundness  and  sharpness  of  his  teeth  nor 
upon  the  strength  of  his  jawbone,  because  cooking  rendered  the  hard,  in- 
digestible cellulose  fibers  of  some  kinds  of  vegetable  food  soft  and  pliable, 
so  that  but  a  small  amount  of  work  was  placed  upon  the  teeth.  Cookery, 
to  use  a  somewhat  vulgar  expression,  "cut  both  ways."  It  had  its  great 
advantages  and  countervailing  drawbacks.  By  primitive  agriculture  the 
supply  of  soft  vegetable  food  was  increased  to  an  almost  unlimited  extent, 
and  cooking  rendered  it  yet  softer.  But  although  these  two  agencies  com- 
bined, made  man  less  dependent  on  his  teeth,  at  the  same  time,  through 
disuse  or  insufficient  use,  they  indirectly  brought  about  a  change  in  the 
form  of  the  jaw  and  teeth,  with  a  tendency  in  the  latter  to  decay. 

As  agriculture  progressed,  further  reducing  the  cellulose  constituents 
of  vegetable  food,  and  grinding  and  other  artificial  means  for  performing 
this  service  came  into  common  use,  chewing  was  in  some  measure  no 
longer  the  chief  function  of  the  jaws  and  teeth.  Accordingly,  these  grew 
smaller,  altered  considerably  in  type,  and  the  teeth  frequently  decayed. 

The  condition  of  the  jaw  and  teeth  did  not  reach  their  acme  of  de- 
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terioration  until  the  neo-agricultural  period  was  far  advanced — that  is, 
until  the  present  time.  Nowadays,  because  food  is  so  soft,  mastication  is 
to  a  great  extent  unnecessary ;  consequently  the  teeth  are  growing  smaller 
and  weaker.  The  third  molar  is  '^practically  always  degenerate,"  and 
not  infrequently  absent.  The  jaw,  also,  does  not  grow  to  its  pristine  or 
even  to  what  may  be  termed  its  normal  size.  In  fact,  the  teeth  which  have 
diminished  in  size  cannot  find  room  in  the  diminutive  jaw  to  take  up 
their  natural  anatomical  positions.  This  deterioration,  accompanied  by  a 
tendency  to  decay,  has  of  recent  years  gone  on  apace. 

Dietary  dental  diseases  are  now  extremely  prevalent  among  the  most 
civilized  or  among  those  living  under  the  most  highly  civilized  condi- 
tions, as  is  also  dyspepsia,  largely  due  to  improper  mastication.  Nowhere 
is  so  much  soft  pap  food  eaten  and  consequently  so  little  mastication 
and  insalivation  required  as  in  America.  In  fact,  cereals  and  many 
other  foods  in  this  country  are  offered  for  sale  partially  predigested; 
they  neither  give  the  teeth  work,  nor  do  they  excite  the  salivary 
glands  or  the  digestive  functions  to  activity.  May  not  this  be  a  chief 
reason  for  the  prevalence  of  digestive  troubles  and  for  the  dental  caries, 
pyorrhea  alveolaris  and  other  diseases  of  the  teeth  among  Americans? 
It  is  true  that  the  teeth  of  Americans  compare  favorably  with  those  of 
the  inhabitants  of  other  countries,  but  this  is  due  to  art  and  not  to  nature. 
The  American  dentist  is  the  most  ingenious  and,  on  the  whole,  the  most 
efficient  in  the  world.  But  his  numbers,  his  skill  and  his  prosperity  all 
show  that  his  services  are  continually  in  demand,  and  that  he  has  gained 
his  proficiency  chiefly  because  he  has  been  given  every  opportunity  to 
keep  in  constant  practice.  Moreover,  since  the  conditions  which  are 
bringing  about  the  degeneration  and  deterioration  of  the  teeth  and  the 
subsequent  disorders  of  the  digestive  system  are  growing  steadily  more 
prevalent,  the  future  in  this  respect  is  threatening. 

SUMMARY  OF  THE  EVOLUTION  OF  THE  TEETH  AND  DIGESTIVE 
SYSTEM.— The  situation  may  be  summed  up  as  follows:  The  teeth  of  the 
primates  closest  to  man,  and  of  very  early  man  himself,  were  sounder 
than  at  the  present  time  because  they  were  kept  in  constant  use.  With 
the  coming  of  agriculture  and  cookery,  the  teeth  lost  a  good  deal  of  their 
importance.  Before  this  time  they  were  absolutely  essential  to  life ;  after 
this  period,  although  it  might  be  extremely  inconvenient  and  prejudicial 
to  a  good  state  of  health  to  be  without  teeth,  they  were  not  absolutely 
essential.  As  time  went  on,  teeth  lost  more  and  more  of  their  importance 
as  a  means  of  sustaining  life  until,  at  the  present  time,  food  is  so  pre- 
pared and  cooked  that  the  teeth  are  not  called  upon  to  exert  any  strenuous 
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action.  Grinding  mastication  is  unknown.  Generally  speaking,  our  food, 
including  meat,  is  soft;  consequently  the  teeth  tend  to  decay,  from  lack 
of  exercise  and  from  other  causes,  at  an  early  age.  Therefore,  it  is  true 
that  although  we  have  gained  much  by  agriculture  and  cookery,  we  have 
lost  much. 

We  now  eat  a  large  amount  of  food  which  is  not  good  for  us,  simply 
because  it  is  agreeable  and  can  be  eaten  without  mastication;  we  eat  too 
much  food  and  a  considerable  quantity  of  unsuitable  food.  Our  teeth  go, 
and  we  suffer  from  indigestion,  especially  from  that  form  known  as  in- 
testinal stasis.  No  kind  of  food  predisposes  to  and  causes  intestinal  stasis 
to  such  an  extent  as  soft,  partially  digested,  unmasticated  food.  The  out- 
standing features  of  the  existing  dietary  is  the  concentration  of  diet,  and 
the  soft  forms  of  food  ingested.  These  lead  to  constipation  and  indiges- 
tion, the  curse,  it  may  almost  be  said,  of  modern  life  and  especially  of 
life  in  cities.  Overeating  is  also  encouraged.  Moreover,  if  this  sort  of 
soft  diet  is  indulged  in  for  any  length  of  time,  the  digestive  organs  de- 
teriorate like  the  teeth  from  lack  of  use,  and  a  thoroughly  vicious  circle  is 
established. 

Changes  in  the  Mammary  Function  Due  to  the  Artificial  Feeding  of  Chil- 
dren.— The  artificial  feeding  of  children  will  be  mentioned  here,  but  as 
the  subject  of  bringing  up  infants  on  the  bottle  is  adequately  considered 
in  Volume  HI/  it  will  be  superfluous  to  dwell  on  the  matter  at  length. 
In  the  precibicultural  period,  and  among  precibiculturists  now  extant,  the 
theory  of  the  survival  of  the  fittest  is  an  actuality.  In  former  times,  if  a 
mother  could  not  suckle  her  child,  it  was  inevitably  doomed  to  death. 
If  a  mother  died  during  childbirth,  the  infant  was  deliberately  destroyed. 
Consequently,  by  the  elimination  of  those  unfit  to  bring  up  children,  the 
women  remaining  were  in  every  respect  admirably  adapted  for  the  pur- 
pose. After  the  domestication  of  lactating  animals,  mothers  who  for  one 
cause  or  another  were  unable  to  nurse  their  childreif  could  rear  them  by 
artificial  feeding.  A  beginning  was  thus  made  of  the  lowering  of  the 
standard  of  mammary  function,  which  has  now  approached  a  serious  con- 
dition. The  civilized  woman  of  the  present  day  is  less  well  equipped  by  far 
than  her  primitive  sister,  so  far  as  her  maternal  functions  are  concerned. 

A  distaste  to  or  even  aversion  to  the  nursing  of  children  is  also  becom- 
ing more  and  more  evident  among  ail  classes  of  society.  In  view  of  these 
facts  it  appears  within  the  bounds  of  reason  to  foresee  a  time  when  the 
mammary  function  will  atrophy  and  the  majority  of  women  will  be 
physically  incapable  of  feeding  their  progeny  at  the  breast. 

1  Chapter  XXV. 
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GENERAL    SUMMARY 

The  chief  fact  taught  by  an  investigation  of  man's  dietetic  past  is 
that  food  has  been  a  most  important  factor  in  the  evolution  of  man. 
Three  events  mark  the  dietary  influence  on  this  evolution— the  discovery 
of  cooking,  the  advent  of  the  agricultural  era,  and  the  domestication  of 
animals.  All  of  these  innovations,  by  profoundly  influencing  the  diet  of 
man,  have  changed  his  manner  of  life  in  all  respects.  In  fact,  food 
brought  about  the  ascent  of  man  to  a  certain  level  upon  which  his  present 
lofty  position  has  been  built. 

While  civilization,  based  upon  the  results  of  cookery  and  cultivation, 
has  been  a  blessing  to  mankind,  it  has  not  been  an  unmixed  blessing  re- 
garded from  the  standpoint  of  health.  In  early  times,  the  food  of  our 
ancestors  was  such  that  much  of  it  required  vigorous  mastication,  with 
the  consequence  that  little  starch  was  taken  into  the  stomach  in  a  crude 
form.  At  the  present  time,  the  reverse  is  the  case;  a  very  large  amount 
of  practically  pure  starch  is  ingested,  and  owing  to  its  soft  consistency  and 
the  consequent  lack  of  mastication  and  insalivation,  slips  down  into  the 
stomach  in  a  state  totally  unprepared  for  digestion,  giving  rise  to  various 
disorders  and  to  malnutrition.  This  condition  is  particularly  true  in  the 
case  of  infants.  The  supply  of  sugar  has  also  increased  and  is  eaten  to 
an  inordinate  extent.  This,  taken  in  connection  with  the  augmented  con- 
sumption of  vegetable  food,  gives  rise  to  the  conclusion  that  the  present 
generation  is  liJcely  to  suffer  from  the  undue  consumption  of  both'  starch 
and  sugar. 

No  dogmatic  statement  can  be  made  as  to  the  relative  values  of  animal 
and  vegetable  food  as  articles  of  diet.  Since  men  have  lived  in  good 
health  as  vegetarians  or  nearly  vegetarians,  and  also  solely  upon  meat, 
these  examples  do  not  prove  the  point.  Climate  has  a  great  influence  on 
the  nature  of  a  diet ;  occupation  is  a  factor  that  must  be  considered,  and 
heredity  is  not  a  wholly  negligible  quantity.  In  a  general  way,  it  may 
be  said  that  animal  food  appeases  hunger  more  thoroughly  than  a  vege- 
table diet,  and  satisfies  it  for  a  longer  time.  It  gives  more  stay  to  the 
stomach  and  has  a  more  stimulating  eifect  upon  the  system  generally. 
In  spite  of  the  fact  that  man  is  descended  from  the  ape,  and  that  the  ape 
is  more  frugivorous  by  far  than  carnivorous,  the  fact  remains  that  the 
small  size  of  man's  stomach,  due  possibly  to  his  erect  posture,  demands 
a  concentrated  diet,  and  this  diet  would  seem  to  be  best  supplied  by  meat. 
Cookery  affects  the  relative  values  of  animal  and  vegetable  foods  in  oppo- 


50  THE    EVOLUTION    OF    MAN'S    DIET 

site  ways,  with  regard  to  mastication.  Cooking  coagulates  the  albumen 
of  animal  tissues,  hardening  it  so  that  mastication  may  be  necessary; 
cooking  of  vegetables  does  away  with  the  need  for  mastication.  It  cannot 
even  be  argued  that  either  animal  or  vegetable  food  is  the  natural  diet  of 
man,  for  while  his  ape  ancestors  did  not  eat  much  flesh,  at  one  time  of 
his  early  career  as  a  human,  man  was  more  carnivorous  than  frugivorous. 
Tlie  present  conformation  of  his  jaws  and  teeth,  the  result  of  an  evolu- 
tionary process,  does  not  single  him  out  as  especially  adapted  for  a  vege- 
table or  an  animal  diet.  Whatever  primitive  man  may  have  been  con- 
sidered from  the  dietetic  standpoint,  he  is  now  a  mixed  feeder  in  tem- 
perate climates.  Descending  from  ancestors  whose  diet  for  long  ages  has 
varied  in  the  temperate  zone,  man  would  naturally  find  a  varied  diet  best 
suited  to  his  needs  and  to  his  taste.  His  anatomical  history  also  shows 
that  his  digestive  system  is  highly  adaptable  to  these  variations,  and  is 
capable  of  being  modified  to  almost  any  extent. 

His  adaptability  aifords  an  explanation  of  why  he  has  fallen  into  the 
routine  of  the  existing  civilized  mode  of  diet.  Eating  food  of  soft  con- 
sistency, which  is  the  universal  habit,  has  had  and  is  having  an  injurious 
effect  upon  his  jaws  and  teeth,  upon  his  salivary  secretions,  and  upon  his 
digestive  system.  He  should  revert  to  some  extent  to  the  food  of  his 
simian  ancestors — raw  vegetables  and  fruit — which  w^ould  afford  plenty 
of  exercise  to  his  masticatory,  salivary  and  digestive  organs.  A  sim- 
ple diet  is  in  the  main  the  ideal  one.  If  he  continues  to  eat  soft, 
cooked  foods — and  it  does  not  seem  very  likely  that  he  will  not — then  in 
the  course  of  time  it  may  be  expected  that  a  type  of  person  will  be  evolved 
capable  of  dealing  with  the  quantity  and  kind  of  food  which  our  ultra 
refined  civilization  has  decreed  that  we  shall  consume. 

Perhaps  it  is  possible  that  we  have  come  to  the  end  of  our  progress 
in  the  direction  of  diet,  and  that  the  human  race  will  be  the  better  for 
going  back  to  the  simple  diet  of  our  ancestors.  It  must  be  borne  in  mind 
that  extreme  luxury  in  diet  has  been  noted  more  than  once  in  the  history 
of  the  world — with  the  Persians  and  Romans,  for  example.  Afterwards 
a  period  of  comparative  simplicity  has  ensued,  until  a  climax  has  been 
again  reached. 

The  acme  of  dietary  excellence  was  attained  not  long  after  the  age  of 
agriculture,  cooking,  and  domestication  of  animals  came  in.  Since  then 
the  increase  of  population,  industrialism  and  other  concomitants  of  ad- 
vanced civilization  have  made  further  dietetic  changes  necessary.  At  the 
present  time,  the  situation  must  be  met  in  the  best  ways  possible.  The 
chief  object  of  this  chapter  has  been  to  point  out  and  lay  stress  upon  the 
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fact  that  man's  evolution  has  heen  greatly  dependent  upon  the  evohition 
of  his  diet,  and  it  is  to  be  hoped  that  this  object  has  been  fairly  well  at- 
tained. 
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CHAPTER    II 

CHEMISTRY  AND   PHYSIOLOGY   OF  DIGESTION 

CHEMICAL    CONSTITUENTS    OF    THE    BODY    AND    OF    FOOD 

Chemical   Elements  in  the  Human  Body. 

Organic  Compounds:  Fats,  Carbohydrates,  Proteins,  Albumins;  Proxi- 
mate Principles. 

Inorganic  Compounds:   Water,  Acids,  Salts. 

Scientific  Classification  of  Foods:   Nitrogenous,  Non-nitrogenous. 

Tests  to  Determine  Food  Value:  Chemical,  Physical,  Physiological, 
Economic. 

Of  the  eighty-three  elements  known  to  the  chemist  but  twenty  are 
found  in  the  body.  They  are:  carbon,  hydrogen,  nitrogen,  oxygen,  sul- 
phur, phosphorus,  fluorin,  chlorin,  iodin,  silicon,  sodium,  potassium,  cal- 
cium, ammonium,  magnesium,  lithium,  iron  and  occasionally  manganese, 
copper  and  lead.  These  elements  are  rarely  found  in  the  pure  state, 
being  present  in  the  form  of  chemical  compounds  which,  as  they  occur  in 
the  structure  of  the  various  tissues,  are  very  complex  in  arrangement. 
These  compounds  are  comparatively  unstable,  and  are  readily  converted 
in  the  body,  or  changed  into  other  forms,  which  may  be  easily  shown  by 
chemical  analysis. 

The  elements  of  both  animal  and  vegetable  foods  are  derived  from 
the  earth,  air  and  water.  We  know  that  animal  life  could  not  subsist 
upon  inorganic  substances  nor  derive  nutriment  from  them  alone,  not- 
withstanding the  great  importance  ascribed  to  the  inorganic  materials 
for  the  vital  processes  of  the  human  body. 

Other  combinations  of  chemical  derivatives  are  also  required,  which 
come  under  the  head  of  plant  and  animal  life,  and  are  known  as  organic 
substances.  All  food  is  composed  of  many  combinations  of  these  simpler 
chemical  elements,  which,  for  the  most  part,  must  be  subjected  to  altera- 
tions in  the  body  itself  by  digestion,  before  they  are  ready  for  assimilation 
by  the  tissues.  ISTutrition  of  the  body,  therefore,  involves  several  distinct 
metabolic  processes,  viz. : 

I.  The  secretion  of  digestive  fluids  and  their  physiological  action 
upon  food  in  the  alimentary  tract. 

II.  The  absorption  of  .food  ingredients  when  digested  into  the  lym- 
phatic and  circulatory  systems. 
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III.  The  assimilation  of  the  absorbed  nutrition  products  by  the 
tissues. 

IV.  The  elimination  of  the  waste  material. 

Elements  and  Their  Compounds. — The  analysis  given  below  will  show 
the  relative  predominance  of  the  elements  of  which  the  human  body  is 
composed. 

Elementary   Composition  of   the  Human  Body 

Height,  5  feet  8  inches      Weight,  148  pounds 

Per  cent  Pounds 

Oxygen     62432  92.4 

Hydrogen     09864  14.6 

Carbon    21351  31.6 

Nitrogen     03108  4.6 

Phosphorus     00945  1.4 

Calcium     01891  2.8 

Sulphur    00162  .24 

Chlorin    00081  .12 

Sodium    00081  .12 

Iron     00031  .02 

Potassium 00229  .34 

Magnesium 00027  .27 

Fluorin    00013  .02 

Silicon    trace 

lodin     

Ammonium    " 

Lithium    " 

JNIanganese " 

Copper    " 

Lead   " 

Total 1.00197  148.30 

All  these  elements  are  derived  from  the  food  plus  the  oxygen,  either 
inhaled  from  the  air  or  liberated  within  the  body  as  a  molecule  of  oxygen, 
when  food  particles  are  broken  down. 

Oxygen,  hydrogen,  and  carbon  are  the  three  principal  elements  of  the 
human  body  (as  well  as  in  all  our  foodstuffs),  being  the  great  force 
producers  of  the  body,  and  at  the  same  time  the  tissue  builders. 

E^itrogen,  when  present,  is  capable  of  acting  in  a  dual  capacity;  it 
either  accommodates  itself  to  the  process  of  cell  and  tissue  formation,  or 
is  broken  down  from  the  completed  molecule  and  thrown  off  when  mus- 
cular energy  is  manifested  or  when  cellular  disintegration  occurs. 

Foodstuffs,  to  play  an  important  part  in  tissue  production,  and  at  the 
same  time  stimulate  bone  formation,  must  contain  sulphur,  phosphorus, 
iron,  sodium,  potassium,  and  calcium  phosphate.  If  these  elements  and 
compounds  are  deficient  in  the  food  of  a  growing  infant,  softening  of 
the  bones  will  follow.  Bone  cells  contain  50  per  cent  calcium  phosphate, 
and  this  element  is  absolutely  necessary  for  normal  osseous  development. 

Food  without  iron  salts  will  cause  a  change  of  the  hemoglobin  content  of 
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the  red  blood  cells  and  a  diminished  oxidation,  resulting  in  anemia.  The 
potash  salts,  especially  potassium  carbonate  and  chlorid,  if  absent  or 
found  in  insufficient  quantities,  lead  to  scurvy — which  condition  is 
aggravated  by  the  use  of  conmion  table  salt,  sodium  chlorid.  A  diet  of 
salt  meat  and  bread,  excluding  potatoes,  fresh  fruit,  and  vegetables,  will 
j)roduce  scurvy. 

Sodium  chlorid  is  an  important  constituent  directly  concerned  in  nu- 
trition. Its  absence  interferes  with  many  of  the  functions  of  the  body, 
such  as  absorption,  and  materially  alters  the  density  and  reactions  of  the 
different  fluids. 

PROXIMATE  PRINCIPLES.— Chemical  elements  are  rarely  found  in  a 
pure  state,  but  are  present  in  diverse  combinations,  or,  as  they  are  some- 
times termed,  ^^proximate  principles,"  which  may  be  divided  into  the  fol- 
lowing groups:  (1)  mineral,  or  inorganic  compounds;  (2)  organic  com- 
pounds, or  compounds  of  carbon.  The  organic  compounds  may  again  be 
divided  very  conveniently  into  two  groups:  the  nitrogenous  and  non- 
nitrogenous  compounds.  The  inorganic  compounds,  comprise  water  and 
the  various  acids ;  for  example,  the  hydrochloric  acid  of  the  gastric  juice 
and  numerous  salts. 

Since  the  same  elements  in  varying  proportions  are  to  be  found  in 
both  foodstuffs  and  the  human  body,  the  various  compounds  of  these  ele- 
ments may  be  termed  ^^proximate  principles."  As  pointed  out  by  physi- 
ologists, "proximate  principles"  are  chemical  compounds  of  which  the 
body  is  composed  and  into  which  it  is  theoretically,  but  not  analytically, 
separable  without  chemical  change.     They  may  be  classified  as  follows : 


Organic 


Nitrogenous 


Non -nitrogenous 


r  Protein 

\  Albuminoids 


Carbohydrates 


Fats  and  Oils 


Organic  Modified  by  Inorganic  Combination 


r  CHON  Protein 
CHONSP  Protein 
Purin  compounds 

fPolysaccharids 
Disaccharids 
Monosaccharids 

fOleate  of  glycerol 
Palmitate  of  glycerol 
Stearate  of  glycerol 

{Hemoglobin 
Lecithin 
lodothyrin 


Inorganic 


Water 


Salts 


Ammonium 

Calcium 

Magnesium 

Potassium 

Sodium 


NaCl,  KCL 

NajCO,,  MgCO, 

Na2S04,  K2SO4,  MgS04 

NajHPO*,  K,HP04,  MgHPO^,  CaHPO* 

Na,  K,  Ca,  etc.,  combined  with  fruit  acids  (tar- 
taric, citric,  malic,  etc.) 

Fe  combined  with  animal  products  (hemoglobin) 
and  with  vegetable  compuuuds  (chlorophyl) 
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All  of  these  elements  are  present,  yet  all  are  not  of  equal  importance, 
nor  do  they  occur  in  the  same  proportions.  Among  the  inorganic  group, 
water  and  the  salts  are  preeminent.  Among  the  organic  group,  protein, 
fats  and  carbohydrates  are  most  numerous. 

Inorganic  compounds  act  medicinally  and  aid  in  the  formation  of 
inorganic  constituents  of  bone,  and  in  osmoses.  Oxygen  is  regularly  in- 
troduced into  the  body  in  large  amounts  both  as  an  essential  constituent 
of  organic  foods  and  as  an  element  by  respiration.  In  the  latter  form, 
probably  by  the  assistance  of  enzymes,  it  oxidizes  all  forms  of  organic 
components  of  the  body,  acting,  as  a  rule,  destructively  rather  than  con- 
structively. Most  of  the  other  elements  (excluding  corrosive  action) 
might  be  administered  in  the  elemental  state,  and  would  sooner  or  later 
form  inorganic  or  organic  combinations  while  in  the  alimentary  tract. 
We  know  that  iron  in  its  elemental  form  can  be  assimilated  as  such, 
though  not  as  readily  as  from  organic  compounds.  In  most  instances,  all 
the  elements  give  better  physiological  results  when  administered  as  salts 
or  as  organic  compounds. 

Scientific  Food  Classification. — Of  the  chemical  classification  of  foods 
the  one  advocated  by  Baron  von  Liebig  is  the  simplest  and  best.  He  was 
the  first  to  suggest  a  real  scientific  division,  viz. :  (a)  Nitrogenous,  (b) 
Non-nitrogenous. 

"Each  of  these  classes  contains  food  materials  derived  from  both  the 
animal  and  vegetable  kingdoms,  although  the  majority  of  the  animal  sub- 
stances belong  to  the  nitrogenous,  and  the  majority  of  vegetable  sub- 
stances to  the  non-nitrogenous  group. 

(a)  von  Liebig  regarded  the  nitrogenous  group  as  containing 
plastic  elements — i.e.,  they  are  essentially  tissue  builders  or  flesh  form- 
ers. Nitrogenous  foods  are  sometimes  called  azotized  foods  or  albumi- 
noids— that  is,  substances  resembling  albumin.  They  consist  chiefly 
of  the  four  elements,  carbon,  oxygen,  hydrogen  and  nitrogen,  to  which 
a  small  proportion  of  sulphur  and  phosphorus  is  usually  joined.  The  pro- 
teins and  their  immediate  derivatives  constitute  practically  all  of  the  nitro- 
genous material  involved  in  the  processes  of  nutrition.  They  are  ferment- 
able, and  under  some  conditions  will  putrefy.  This  group  comprises  all 
forms  of  animal  food,  except  fats  and  glycogen.  It  includes,  therefore, 
albumins  and  gelatins.  Its  chief  representatives  are  milk,  eggs,  crusta- 
ceans, fish,  flesh  and  fowl.  It  also  contains  such  nitrogenous  substances 
as  occur  in  the  vegetable  kingdom,  or  vegetable  albuminoids. 

(b)  The  second  or  non-nitrogenous  group  von  Liebig  called  respiror 
tory  or  calorifacient  foods,  because  their  function  in  the  body  is  to 
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furnish  fuel  or  maintain  animal  licat.  Since  this  original  classification 
was  suggested,  it  has  been  established  that  the  non-nitrogenous  elements 
supply  energy  as  force,  manifested  through  muscular  action ;  hence  they 
are  also  called  force  producers,  in  distinction  from  the  nitrogenous  tis- 
site  f<)rm('rs.''\l) 

The  non-nitrogenous  group  contains  only  the  three  elements,  oxygen, 
hydrogen  and  carbon,  together  with  various  salts  found  in  both  animal 
and  vegetable  foods.  This  group  comprises  all  varieties  of  vegetables, 
fruits,  cereals,  starches,  sugars  and  gums,  the  fats  and  oils,  which  are  de- 
rived both  from  the  animal  and  vegetable  kingdom,  and  organic  acids. 
!Meat,  vegetables,  and  the  starch  molecules  of  cereals  contain  a  certain 
proportion  of  nitrogenous  material  which  is  chiefly  found  as  an  outside 
envelope  for  protection,  affording  firmness  of  resistance  to  the  softer  pulp 
within.  This  material  contains  "vitamins,"  essential  for  the  mainte- 
nance of  health. 

Animal  food  is  not  strictly  nitrogenous  because  of  the  fact  that  it 
contains  fat  and  glycogen,  while  on  the  other  hand,  vegetable  food  is  not 
absolutely  non-nitrogenous  since  it  contains  albuminoids  and  other  forms 
of  protein.  Yet  this  classification  is  a  very  convenient  and  simple  one, 
and  its  general  acceptance  has  met  the  approval  of  most  writers  on  chem- 
ical and  physiological  subjects. 

It  is  therefore  permissible  to  classify  the  nutritive  constituents  of 
food,  in  accordance  with  their  functions  in  the  body  as  follows: 

TISSUE  FORMERS  WORK  AND  HEAT  PRODUCERS 

Protein  Protein 

Mineral  matter  Albuminoids 

Waters  Carbohydrates 

Fats 

Mineral  matter 
Water 

This  is  a  convenient  distinction  to  adopt,  but  it  will  be  observed  that 
proteins  are  able  to  fulfill  both  functions  of  a  food,  as  force  producers 
and  heat  givers.  "It  is  this  physiological  omnipotence  which  gives  to  pro- 
teins their  vast  importance  in  the  diet,  and  justifies  the  proud  title  of  'pre- 
eminence,' which  the  name  implies.  Without  protein,  life  is  impossible, 
since  the  breaking  down  of  tissues  must  be  replaced.  With  protein  plus 
water,  and  the  mineral  salts,  life  can  be  healthily  maintained  for  a  long 
period  of  time,  as  is  proven  by  the  experience  of  savage  tribes,  Indians 
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of  the  Pampas,  wlio  live  year  in  and  year  out  on  practically  nothing  but 
lean  meat  and  water." (2) 

Tests  of  Food  Value.— Such  being  the  use  of  foods. in  the  body,  the 

question  arises:  how  is  one  to  judge  of  their  relative  value?     By  what 

precedent  or  authority  is  one  to  decide  whether  any  special  article  of 

diet  is  good  for  food  or  contains  food  value  ?     The  answer  is  to  be  given 

only  after  submitting  the  food  under  consideration  to  the  following  tests : 

I.     Chemical. — What  percentage  of  each  nutritive  constituent  does 

the  food  contain? 

11.     Physical. — How  much  potential  energy  is  it  capable  of  yielding  ? 

III.  Physiological. — How  does  it  behave  in  the  stomach  and  intes- 

tines ?     Is  it  easily  digested  and  to  what  extent  absorbed  ? 

IV,  Economic. — Are  the  nutritive  constituents  which  the  food  con- 

tains obtained  at  a  reasonable  cost?  (See  Fig.  4,  page  59.) 
THE  CHEMICAL  TEST. — Chemical  analysis  reveals  the  quantity  of  each 
nutritive  constituent  (protein,  fat,  carbohydrate)  in  one  hundred  parts  of 
foodstuffs.  From  this  information  we  can  arrive  at  a  conclusion  as  to  the 
exact  value  of  a  food  as  a  source  of  building  material  or  energy.  In  sub- 
sequent chapters  the  percentage  composition  of  all  the  chief  articles  of 
food  will  be  recorded  in  detail. 

THE  PHYSICAL  TEST.— Lavoisier  was  the  first  to  demonstrate  the  pre- 
cise changes  which  food  underwent  in  the  body.  He  proved  that  the 
changes  were  essentially  due  to  oxidation  resulting  from  the  combustion 
of  certain  foodstuffs.  This  combustion  may  be  taken  as  a  measure  to  de- 
termine the  value  of  a  certain  food  as  a  source  of  energy  for  heat  and 
work,  which  are  convertible  terms.  The  question  may  arise  in  the  minds 
of  some  as  to  whether  these  results,  which  may  hold  good  for  laboratory 
experiments,  are  equally  true  for  combustion  in  the  body.  "This  suspi- 
cion is  strengthened  when  one  remembers  that  many  of  the  waste  products 
of  metabolism,  such  as  urea,  are  by  no  means  completely  oxidized.  The 
body  does  not  reduce  all  its  fuel  to  ashes;  some  of  it  is  only  charred." (3) 
Rubner  and  other  careful  observers  have  shown  conclusively  that  if  allow- 
ance is  made  for  these  incompletely  oxidized  products,  combustion,  that 
is,  the  amount  of  energy  liberated  within  the  body,  is  precisely  the  same 
as  the  equivalent  laboratory  experiments. 
One  gram  of  Carbohydrates  oxidized  in  the  body  yields  4.1   Calories 
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PRorsiN. 


rjtr. 


C/tRBO»yDRAT£S. 


FUEL  \C4Ll/£ 


FOODAMTER/^L 


PP/CE 
PER 

potm 


WNOLEMlLK 

m  CENTS  PER  or 


WHOLE  M/LK 
8  CENTS   PER  Or. 


kf//¥OLE  M/LH      ^ 

y  CENTS  PEP  or. 


WHOLEM/LK      ^ 
6  CENTS   PEP  Or. 


WHOLE  MILK     ^ 
S  CENTS  PER  Or. 


6K/M  M/LK      ^ 

3  CENTS  PER  Or. 


SK/MM/LK        ^ 
2.  CENTS  PER  OT. 


TEN 
\CEAf7S 

mu 

BUY 


Crs.lBS. 


poums  OF/vc/r/?/£/vrs/fw  Cj4io/?/£S 

//V  TEN  C£A/rS  'tVOHTH 


~2dd0Cai. 


_  2 /6s.  _  37Ss~_ 

4000  Ca/7~60O0  Ca/. 


BUTTER 


CHEESE 


BEEF,  POUHD 


BEEF,  S/RLO//S/ 


MUTTON,  LEG 


PORK,  LO/N 


PORK,  SALT,  E4T 


HAM,  SMOKED 


CODF/SH,  ^5f I5j 


DRESSED 


CODF/SH,  SALTED 


OYSTERS 
35  CENTS  PER  QU/tRT 


EGGS 

24-  CENTS  PER  DOZEN 


WHEATFLOUR 


CORN  MEAL 


OAT  MEAL 


BEANS,WH/TE,DR/ED 


R/CE 


POTATOES 

€0  CENTS  PER  BUSHEL 


SUGAR 


YiQ.  4. — Chart  Illustrating  the  Pecuniary  Economy  of  Various  Meats,  Milk 
AND  Other  Foods.  (Amount  of  actual  nutrients,  obtained  in  different  foods  for 
an  outlay  of  10  cents  at  certain  assumed  prices  per  pound.)  (Farmers*  Bulletin 
363,  U.  S.  Department  of  Agriculture.) 
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These  figures  represent  the  average  calorie  of  the  nutritive  constituents  as 
contained  in  an  ordinary  mixed  diet,  and  often  allowance  has  been  made 
for  the  defective  absorption  and  for  the  excretion  of  imperfectly  oxidized 
residues  by  the  kidney.  They  may  therefore  be  accepted  as  an  indication 
of  the  true  worth  to  the  body  of  the  different  nutrient  constituents  as 
sources  of  potential  energy  required  for  the  normal  individual. 

THE  PHYSIOLOGICAL  TEST.— This  test  alone  is  not  sufficient  to  deter- 
mine a  wholesome  food,  which  not  only  should  contain  a  considerable  pro- 
portion of  protein,  fat  and  carbohydrate,  but  should  be  capable  of  yield- 
ing energy  on  oxidation  and  at  the  same  time  be  of  such  nature  as  to  be 
readily  digested  in  the  stomach  and  easily  assimilated.  Such  substances 
as  sawdust,  petroleum  or  cattle-hoof  parings  might  pass  the  chemical  and 
physical  tests  and  still  be  useless  as  a  food,  because  they  cannot  be  di- 
gested or  absorbed.  For  these  reasons  the  digestibility  of  food  in  the 
stomach  and  intestines  must  be  taken  into  consideration  before  venturing 
an  opinion  as  to  its  value  in  a  diet. 

THE  ECONOMIC  TEST.— Having  determined  the  richness  of  a  food  in 
nutritive  derivatives,  the  amount  of  energy  which  it  is  capable  of  yield- 
ing, and  the  readiness  with  which  it  can  be  digested,  assimilated  and  ab- 
sorbed, there  is  still  an  important  question  to  determine — whether  the 
nutriment  which  it  yields  is  obtained  at  a  reasonable  cost.  For  this  an 
economic  test  is  required,  which  is  furnished  by  applying  a  knowledge  of 
the  caloric  method,  to  determine  how  much  energy  (in  calories)  and  how 
much  building  material  (in  protein)  one  can  procure  for  a  particular 
sum,  when  invested  in  the  food  under  consideration. 

The  question  of  the  "high  cost  of  living''  has  become  one  of  momentous 
importance  in  this  country  during  the  past  decade ;  therefore  the  economic 
value  of  foods  is  of  special  importance  to  the  student,  physician  and  dieti- 
tian. Often  it  is  necessary  to  see  that  the  diet  of  a  patient  is  enriched 
in  special  directions,  most  commonly,  perhaps,  in  fat  or  protein.  It  is 
useless  to  recommend  to  a  poor  man  chicken,  duck  and  cream,  which  he 
cannot  afford  to  buy.  It  is  worth  while,  however,  to  know  that  these  ele- 
ments can  be  furnished  economically  by  buying  the  cheaper  grades  of 
foods,  such  as  skim  milk,  fish,  cheese,  beans,  peas  and  the  cheaper  cuts 
of  meat,  since  these  furnish  the  desired  quantity  of  protein.  Economical 
forms  of  fat  may  be  had  in  margarine  and  pork  drippings,  which  are 
Avithin  the  reach  of  all. 

It  must  be  remembered  that  the  cost  of  living  takes  about  50  per  cent 
of  a  laborer's  wages,  and  that  the  poorer  a  man  is  the  greater  is  his  pro- 
portionate expenditure  for  food. 
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Another  point  which  concerns  the  economy  of  food  values  is  the  waste 
and  cost  of  cooking.  Of  avoidable  waste  there  is  no  need  of  complaint ; 
but  of  unavoidable  waste  there  is  room  for  discussion.  Much  of  the  food 
"as  purchased"  (see  Chapter  XIX,  Food  Analysis)  is  not  in  edible  form, 
such  as  the  skin  and  skeleton  of  fish,  the  bone  of  meat  and  some  parts  of 
green  vegetables.  In  the  ordinary  cuts  of  butchers'  meats,  the  waste  is 
safely  calculated  at  15  per  cent;  in  fish  the  waste  may  be  as  high  as  TO 
per  cent,  which  must  be  taken  into  account  in  buying  food.  The  cost  of 
cookery  is  an  economic  question  exceedingly  difficult  to  estimate  (see 
Volume  II,  Chapter  I),  as  this  question  depends  upon  the  cook.  The  gen- 
eral value  of  the  results  will  be  seriously  impaired  by  careless  handling. 

It  will  be  observed  that  it  is  by  no  means  an  easy  matter  to  pronounce 
an  opinion  as  to  the  caloric  value  of  a  food  or  arrive  at  an  intelligent  con- 
clusion offhand  in  estimating  its  fuel  value.  Each  test  must  be  applied 
in  turn,  as  it  is  only  upon  the  foods  which  stand  a  satisfactory  scrutiny 
of  all  tests,  that  a  favorable  opinion  can  be  rendered.  In  other  words, 
a  food  is  only  to  be  adjudged  good  when  it  contains  an  ample  proportion 
of  nutritive  material  readily  digested,  easily  assimilated,  and  rapidly 
absorbed,  at  a  reasonable  cost. 
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Vitamines;   Hormones;   Enzymes. 

Proteins:  Protein  Amino-acids;  Simple  Proteins — Albumins,  Globulins, 
etc.;  Conjugated  Proteins — Chromoproteins,  Glycoproteins,  etc.;  De- 
rived Proteins — Proteins,  Metaproteins,  Coagulated  Proteins,  Peptones, 
Peptids,  etc.;   Nuclein  and  Purin  Bases. 

Carbohydrates:  Monosaccharids — Pentoses,  Dextrose,  Levulose  or  Fruit 
Sugar,  etc.;  Disaccharids — Saccharose,  Maltose,  Lactose;  Trisac- 
charids — Melitose,  etc.;  Tetrasaccharids — Stachyose,  etc.;  Polysac- 
charids — Starch,  Dextrin,  Glycogen,  Cellulose,  etc. 

Hydrocarbons:  Terpenes;  Alcohols — Glycerol;  Aldehyds;  Acids — Organic; 
Esters — Volatile  Esters,  Oils,  Fats,  Waxes,  Phospho-esters,  etc. 

Pigments. 

Inorganic  Salts. 

Water. 


In  Chapter  II  we  studied  the  chemical  elements  of  the  body  and  of 
foods.  We  learned  that  all  material  things  of  the  universe  are  composed 
of  eighty  more  or  less  simple  elements,  namely,  substances  incapable  of 
being  divided  into  different  or  simpler  substances.  They  exist  in  innu- 
merable combinations,  as  compound  substances,  or  compounds  as  we  call 
them,  that  make  up  all  known  material  things.  We  learned  that  the  body 
and  foods  are  thus  made  up  of  definite  chemical  units,  so  that  the  ultimate 
composition  is  expressed  in  terms  of  the  simple  elements — carbon,  hydro- 
gen, oxygen,  nitrogen,  sulphur,  phosphorus,  etc.  In  animals  and  vege- 
tables these  elements  exist  combined  to  form  chemical  compounds — e.g., 
albumin,  gelatin,  fat,  sugar,  starch — these  are  termed  proximate  princi- 
ples. Generally,  several  of  these  exist  together,  making  up  the  compli- 
cated materials  of  a  simple  structure,  though  there  may  be  storage  of 
particular  proximate  principles,  as  of  albumin  in  white  of  egg  or  starch  in 
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particular  proximate  principles,  as  of  albumin  in  white  of  egg,  starch  in 
seeds.  The  proximate  composition  is  the  composition  expressed  in  terms 
of  such  proximate  principles,  which  for  convenience  are  arranged  in  Rye 
groups,  the  "five  food  principles" ; 

Proteins  Inorganic  Salts 

Carbohydrates  Water 

Hydrocarbons 
In  addition  we  have  accessory  food  constituents: 

Vitamines  Lipoids 

In  the  vegetable  kingdom  proximate  principles  are  built  up  from  the 
elements  or  from  simple  compounds.  To  the  animal  body  they  are  sup- 
plied as  food.  Hence,  in  order  that  the  nutrition  of  the  body  may  pro- 
ceed normally,  the  food  should  contain  these  principles  in  certain  quan- 
tities and  proportions.  A  proper  diet  for  man  is  one  containing  proxi- 
mate principles  of  certain  kinds  and  in  certain  proportions,  the  value 
depending  not  alone  upon  essential  constituents,  but  also  upon  various 
accessory  principles  that  combine  to  make  the  food  fully  adapted  to  the 
needs  of  the  body. 

Vitamines. — Besides  the  classical  "Five  Food  Principles"  just  enu- 
merated, mention  must  be  made  of  certain  substances  of  unknown  nature 
termed  "vitamines/'  that  are  essential  to  body  nourishment.  The  quali- 
ties of  food  are  in  many  ways  determined  by  the  nature  of  the  known 
carbohydrates,  the  proteins,  the  fats  and  the  mineral  salts.  These  proxi- 
mate principles  play  an  important  part  in  supplying  energy  and  repair- 
ing tissue  waste,  furnishing  the  materials  for  construction  and  use  of  the 
body.  Yet  the  vitamines,  occurring  apparently  in  very  small  quantities, 
are  also  of  vital  importance.  While  as  yet  opinion  is  not  unanimous  in 
regard  to  their  nature,  it  seems  probable  that  they  contain  basic  nitrogen, 
and  that  they  are  of  such  importance  that  their  absence  produces  certain 
diseases  aptly  called  deficiency  diseases. 

Among  these  is  beri-beri,  a  nervous  affection  supposedly  caused  by  a 
diet  composed  largely  or  exclusively  of  rice  from  which  the  bran  has  been 
removed  by  polishing,  thus  depriving  the  rice  of  its  vitamines.  Likewise 
pellagra,  a  disturbance  of  the  peripheral  and  central  nervous  system,  oc- 
curring generally  among  those  partaking  largely  of  maize  and  having  a 
very  restricted  diet,  may  point  to  vitamine  deficiency,  although  this  view 
was  not  entirely  borne  out  by  the  findings  of  the  Pellagra  Commission, 
1914.  Again,  scurvy,  a  disease  of  malnutrition  which  may  be  cured  by 
a  diet  of  anti-scorbutic  foods,  such  as  limes,  lemons  and  oranges,  may 
prove  to  be  caused  by  vitamine  deficiency. 
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Vitamines,  or  other  substances  the  nature  of  which  is  quite  obscure, 
seem  likewise  essential  to  growth  and  maintenance  of  normal  nutrition. 
Aiiiinals  may  be  maintained  for  a  very  considerable  length  of  time  on 
chemical  mixtures  of  the  ''live  principles/'  but  eventually  these  unknown 
substances  contained  in  milk  fat,  and  in  certain  other  foods,  become  nec- 
essary or  normal  nourishment  and  growth  cease.  However,  it  is  possible 
and  even  probable  that  these  unknown  substances  differ  from  the  true 
vitamines,  the  absence  of  which  causes  the  deficiency  diseases. 

Hormones. — Mention  should  be  made  of  '^hormones"  (see  Chapter 
VI),  substances  of  physiological  rather  than  food  interest,  since  they  are 
formed  and  exert  their  action  in  the  living  body.  Examples  are  the 
gastrin,  formed  in  the  stomach,  which  rouses  to  activity  the  gastric-secre- 
tory processes,  and  secretin,  an  active  secretory  hormone  of  the  intestine. 
These  substances  are  probably  basic  and  are  heat  stable.  They  are  not 
contained  in  food  but  are  formed  in  the  body. 

Enzymes  (See  Chapter  VI).-T-The  catalyzers  of  the  body,  by  whose 
action  various  chemical  reactions  are  hastened,  are  likewise  of  physiolog- 
ical rather  than  immediate  food  interest,  though  they  play  an  all-impor- 
tant part  in  the  transformation  which  food  undergoes  in  the  body.  Their 
occurrence  in  food  is  ordinarily  merely  incidental. 

PROTEINS 

The  proteins  include  all  the  organized  nitrogenous  substances  which 
occur  in  animal  or  vegetable  tissues,  excepting  the  nitrogenous  fats(l). 
They  contain  an  average  of  16  per  cent  nitrogen;  hence  the  protein  sub- 
stances are  usually  estimated  by  multiplying  the  quantity  of  the  nitrogen 
by  the  factor  6.25. 

Proteins  are  necessary  constituents  of  all  animal  and  vegetable  cells; 
therefore,  they  are  an  indispensable  principle  of  our  diet.  In  fact,  they 
are  the  actual  vehicles  of  life,  and  upon  their  properties  the  very  possi- 
bility of  life  depends. 

Proteins  are  colloidal  substances  whose  molecules  are  exceedingly 
large,  it  being  estimated  that  the  molecular  weight  of  individual  proteins 
is  10,000-15,000  or  even  more.  Bunge  recoOTiized  that  they  never  occur 
pure  in  nature,  but  are  combined  with  mineral  substances.  Moreover,  it 
is  known  that  mineral  matter  is  essential  to  the  physiological  activity  of 
protein,  a  fact  which  emphasizes  the  interrelation  of  the  proximate  prin- 
ciples of  the  living  cell. 

It  is  not  strange  that  proteins  combine  with  mineral  substances,  since 
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they  themselves  have  both  acid  and  basic  properties.  This  is  attributable 
to  the  fact  that  they  are  combinations  of  amino-acids.  Some  twenty  or 
more  of  these  acids  have  been  isolated  from  proteins  in  vv^hich  they  are 
linked  together  in  various  combinations,  forming  complicated  chains  or 
networks,  in  this  way  making  up  the  giant  protein  molecule. 

Protein  Amino-acids. — Abderhalden  estimates  that  the  number  of  the 
possible  combinations  of  twenty  known  protein  amino-acids (2),  in  which 
each  individual  amino-acid  is  present  once  and  only  once,  is  represented 
by  a  number  composed  of  thirteen  digits.  With  this  possibility,  it  is  easy 
to  comprehend  how  different  classes  of  proteins  present  differences  in 
internal  structure,  even  though  by  ordinary  methods  they  are  regarded  as 
identical.  Proteins  of  different  animals  may  present  less  evident  differ- 
ences. Such  differences  have  in  recent  times  been  demonstrated  biolog- 
ically in  proteins  heretofore  regarded  as  identical.  That  is  to  say,  the 
very  proteins  which  perform  identical  functions  in  different  animals  are 
not  themselves  identical,  but  differ  from  genus  to  genus,  from  species  to 
species ;  and  the  more  widely  separated  from  each  other  in  the  evolution- 
ary scheme  the  greater  the  differences  of  such  proteins.  The  effect  of  this 
conception  upon  physiological  thought  has  been  and  must  continue  to  be 
far  reaching. 

The  part  played  by  the  amino-acids  is  most  interesting  and  instruc- 
tive, and  an  endeavor  will  be  made  to  further  elucidate  this  phase  of  the 
question.  Before  dealing  more  closely  with  the  amino-acids^  it  will  be 
pertinent  to  discuss  their  nature.  Since  all  the  known  disintegration 
products  of  the  simple  proteins  belong  to  the  class  of  the  amino-acids,  it 
may  be  of  use  to  point  out  some  of  their  distinguishing  features. 

An  amino-acid  is  derived  from  an  organic  acid  by  the  replacing  of 
one  atom  of  hydrogen  by  the  amino  group  NH2.     Thus  from  the  acids, 

Acetic  Acid  Propionic  Acid 

CH3  CH3 

I  I 

COOH  CH2 

I 
COOH 

we  may  obtain  the  mono-amino-acids, 

Amino-acetic  acid  Alanin  or  a-aminopropionic  acid 

CH2NH2  CH, 

I  I 

COOH  CH.NH, 

I 
COOH 
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It  will  be  noticed  that  in  the  fatty  acids  with  more  than  two  atoms  of 
carbon  the  position  of  the  NHo  group  may  be  varied.  Thus  instead  of 
alanin  we  may  have  another  aminopropionic  acid,  namely: 

CH2NH2 

I 
CH2 

I 
COOH 

This  acid  would  be  referred  to  as  yS-^niinopropionic  acid,  alanin 
being  a -aminopropionic  acid.  This  nomenclature  is  always  employed  to 
distinguish  the  position  of  the  NH2  group,  so  that  we  may  have  mono- 
amino-acids,  a,  )8,  y,  8,  e,  etc.  Practically  all  the  amino-acids  which 
occur  as  constituents  of  the  protoplasm  molecule  belong  to  the  a  group. 

On  inspection  of  the  formula  of  glycin  it  is  evident  that  only  one 
isomer  of  this  body  is  possible.  In  alanin,  however,  the  carbon  atom  to 
which  NH2  is  attached  is  asymmetric,  since  its  four  combining  affinities 
are  each  attached  to  different  groups,  thus : 

CHs 

I 
H— C— NH2 

I 
COOH 

In  this  case,  therefore,  there  is  a  possibility  of  stereo-isomerism,  and 
alanin  must  have  an  influence  on  polarized  light.     If  the  compound 

CH3 

I 
HCNH2 

I 
COOH 

is  dextrorotatory,  then  its  stereo-isomer 

CH3 

I 
H2NCH 

I 
COOH 

will  be  levorotatory  and  it  will  be  possible  to  obtain  a  racemic  modifica- 
tion without  any  influence  on  polarized  light  by  mixing  equal  molecules 
of  these  isomeric  forms.     All  the  amino-acids  derived  from  proteins  are 
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optically  active,  whereas  those  obtained  by  synthesis  are  inactive,  and 
special  means  have  to  be  devised  in  order  to  obtain  from  the  artificially 
formed  racemic  amino-acid  either  the  1-  or  d-amino-acid. 

If  more  than  one  hydrogen  atom  in  an  organic  acid  be  replaced  by 
NHg  we  obtain  diamino-  and  triamino-acids.  Thus  ornithin  obtained  by 
the  splitting  up  of  arginin,  one  of  the  commonest  disintegration  products 
of  protein,  is  an  a  8  diaminovalerianic  acid, 

CHoNH 


2±y  XX2 


CH2 

I 
CH2 

I 

CH.  NH2 

I 
COOH. 

The  presence  in  the  ami  no-acids  of  the  basic  radical  NH^  and  of  the 
acid  group  COOH  lends  to  these  bodies  a  double  character.  In  them- 
selves devoid  of  strong  chemical  qualities,  possessing  neither  acid  nor 
alkaline  reaction,  they  are  able  in  the  presence  of  strong  acids  or  bases 
to  act  either  as  base  or  acid.  When  in  solution  by  themselves  it  is  possible 
that  there  is  an  actual  closing  of  the  ring  by  a  soluble  union  between  the 
XHo  group  and  the  COOH  group,  so  that,  e.g.,  the  formula  of  glycin 
may  be 

CH2— NH3 

I  I 

CO  — o. 

When  such  a  neutral  compound  is  treated  with  acid,  this  bond  is 
loosed  and  we  have  the  salt  of  the  amino-acid.  Thus,  with  hydrochloric 
acid,  glycin  forms  glycin  hydrochlorate, 

CH2NH2HCI 

I 
COOH 

a  salt  which  still  possesses  an  acid  group  and  which  is,  therefore,  capable 
of  combining  with  ethyl  to  form  the  hydrochlorate  of  the  ester  of  the 
amino-acid,  thus: 

CH2NH2HCI 

I 
COOCHs. 
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With  bases,  the  amino-acids  form  salt-like  compounds  such  as  potas- 
sium amino-acetate, 

CH2NH2 

I 
COOH. 

With  neutral  salts  crystalline  compounds  may  also  be  formed.  With 
sodium  chlorid  glycin  will  form  the  double  salt  CgHgNOaNaCl. 

Not  only  do  the  amino-acids  form  compounds  with  salts,  but  they  also 
combine  with  one  another.  This  power  of  combination  greatly  increases 
the  difficulty  of  separating  the  constituents  from  a  mixture  of  amino- 
acids.  Amino-acids  which  singly  are  extremely  insoluble  are  readily  solu- 
ble in  the  presence  of  other  amino-acids.  On  account  of  the  dual  nature 
of  the  amino-acid  molecule,  these  substances  act  as  feeble  conductors  of 
the  electric  current,  i.e.,  as  electrolytes. 

METHODS  OF  SEPARATING  AMINO-ACIDS.— By  the  hydrolysis  of  pro- 
tein by  means  of  acid  or  of  trypsin,  a  complex  mixture  of  amino-acids  is 
obtained(3).  From  this  mixture  certain  amino-acids  are  separated  with 
ease.  Thus,  tyrosin,  which  is  extremely  insoluble,  crystallizes  out  on  con- 
centrating the  fluid,  and  further  concentration  leads  to  the  separation  of 
leucin.  The  other  acids  which  keep  each  other  mutually  in  solution  are, 
however,  very  difficult  to  isolate.  Fischer  was  the  first  to  devise  a  general 
method  for  their  separation. 

The  Disintegration  Products  of  the  Proteins. — By  Fischer's 
method  among  the  substances  isolated  from  proteins  are  the  following: 

Fatty  Series. 

(1)   Mono-amino-acids  (Monobasic). 

Glycin  or  Glycocoll.  This,  the  simplest  member  of  the  group,  is 
amino-acetic  acid, 

CH2NH2 

I 
COOH 

which  occurs  in  considerable  quantities  among  the  disintegration  products 
of  gelatin  and  to  a  less  extent  among  those  derived  from  certain  of  the 
other  proteins. 

Alanin  is  an  a-amino-propionic  acid, 

CH3 

I 
CH.NH2 

I 
COOH. 
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It  is  optically  active,  the  alanin  derived  from  protein  being  dextrorota- 
tory. 

Closely  allied  to  alanin  is  the  amino-acid  serin  which  was  first  ob- 
tained by  the  hydrolysis  of  silk  and  has  since  been  found  as  a  constituent 
of  a  large  number  of  proteins.    Its  formula  is : 

CH2OH 

I 
CH.NH2 

.      I  . 

COOH. 

It  is  an  amino-oxypropionic  acid.  Its  special  interest  lies  in  the  fact  that 
it  was  one  of  the  first  of  the  amino-oxyacids  to  be  isolated,  and  it  is  pos- 
sible in  these  acids  that  we  must  seek  the  intermediate  stages  between 
carbohydrates  and  proteins. 

Aminovalerianic  acid  has  the  formula : 

CH3CH3 

v 

CH 

I 
CH.NH2 

I 
COOH. 

It  occurs  only  in  small  quantities  in  the  protein  molecule. 

Leucin,  one  of  the  oldest  known  members  of  the  group  of  amino-acids, 
is  obtained  in  large  quantities  from  the  disintegration  of  nearly  all  the 
animal  proteins,  of  which  in  some  cases  it  may  form  as  much  as  20  per 
cent.    It  has  the  formula : 

CHaCHs 

\/ 

CH 

I 
CH2 

I 
CH.NH2 

I 
COOH. 

It  is  an  amino-isobutyl  acid.  On  evaporating  a  tryptic  digest  of  protein, 
impure  leucin  crystallizes  out  in  the  form  of  imperfect  crystals,  the  so- 
called  leucin  cones. 

There  are  also  mono-amino  derivatives  of  dibasic  acids,  di amino-acid s, 
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amino-acids  containing  an  aromatic  nucleus,  amino-acids  of  heterocyclic 
compounds,  sulphur-containing  amino-acids. 

Thus  all  the  proximate  constituents  of  simple  proteins,  as  far  as  is 
known,  are  amino-acids.  Of  these  the  acids  mentioned  in  the  table,  page 
66,  have  been  isolated. 

These  results  show  that  all  the  proteins  contain  a  very  considerable 
proportion  of  the  total  number  of  amino-acids  which  have  as  yet  been 
isolated  from  acid  digests  of  proteins.  The  differences  in  various  pro- 
teins cannot  therefore  be  determined  by  qualitative  diiferences  in  their 
constituent  molecules,  but  must  depend  on  the  relative  amounts  of  the 
amino-acids  which  are  present  and  on  their  arrangement  in  the  whole 
molecule. 

Deaminization^. — This  process  involves  the  splitting  off  of  an  NH2 
group  from  an  amino-acid  as  ammonia,  and  its  replacement  by  H  or  OH. 
Many  tissues  of  the  body  appear  to  have  this  power.  In  most  cases 
the  nature  of  the  change  in  the  remaining  moiety  of  the  molecule  has 
not  yet  been  ascertained.  If,  for  instance,  some  amino-acid,  such  as  gly- 
cin,  alanin  or  leucin,  be  added  to  a  mass  of  liver  cells,  ammonia  is  set  free 
in  proportion  to  the  amount  of  amino-acid  which  was  added.  The  am- 
monia, therefore,  is  assumed  to  be  derived  from  the  amino-acid. 

Certain  investigations  of  !Neubauer  tend  to  show  that  deaminization 
is  accompanied  in  the  first  place  by  oxidation,  so  that  the  first  intermedi- 
ate product  formed  is  not  an  oxyacid  but  a  ketonic  acid.  A  second  atom 
of  oxygen  is  then  taken  up,  and  carbon  dioxid  is  split  off,  with  the  pro- 
duction of  the  next  lower  acid  of  the  series. 

However,  it  would  be  superfluous  to  elaborate  further  the  principle 
of  deaminization.  It  will  be  sufficient  to  restate  the  hypothesis  that  prac- 
tically all  the  proteins  of  the  body  are  absorbed  by  the  blood  stream,  re- 
moved from  it  by  the  tissue  cells  and  dealt  with  either  for  the  purpose 
of  assimilation  into  protoplasm,  or  for  the  discharge  as  waste  material 
by  the  kidney.  Deaminization  is  essential  to  bring  about  the  end.  The 
arguments  in  support  of  this  line  of  reasoning  are  as  follows :  In  the  first 
place  there  has  been  the  discovery  of  erepsin,  which  assists  the  pancreatic 
juice  in  cleaving  proteins  into  their  simple  crystalline  products;  in  the 
second  place,  there  are  the  experiments  of  Loewi  and  Abderhalden  and 
of  others  which  have  shown  that  animals  maintain  their  nitrogenous 
equilibrium  and  health  when  fed  exclusively  upon  these  simple  materials ; 
thirdly,  there  are  the  experiments  of  Schryver,  of  Leathes  and  of  Howell, 
who  have  shown  that  the  non-protein  nitrogenous  constituents  of  the  blood 
and  liver  increase  after  the  taking  of  a  protein  meal ;  and  they  have  been 
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sucessful  in  the  difficult  task  of  detecting  in  the  blood  stream  some  of  the 
individual  amino-acids.  Lastly,  there  has  been  the  discovery  of  Vernon 
and  others,  of  intracellular  enzymes  in  the  various  tissues  which  render 
the  cells  capable  of  dealing  with  these  substances  which  reach  them  via 
the  blood  and  lymph. 

Chemical  Classification  of  Proteins. — The  present  chemical  classification 
of  proteins  {see  table  on  page  75)  is  based  upon  gross  differences  in 
structure,  differences  in  solubility,  etc.,  and  does  not  recognize  the  subtle 
differences  just  described  that  have  been  demonstrated  by  biological 
methods.  Nevertheless,  the  chemical  classification  is  helpful  and  impor- 
tant. !N^ative  proteins  are  divided  into  simple  and  compound.  The 
former  include  albumins,  which  are  apparently  soluble  in  water  alone  and 
are  less  easily  precipitated  than  most  proteins;  and  globulins,  which  re- 
quire the  presence  of  neutral  salt  to  keep  them  in  solution.  While  at  one 
time  it  was  thought  that  these  made  up  a  considerable  amount  of  the  cyto- 
plasm of  the  cells,  it  is  now  recognized  that  they  form  a  relatively  insignifi- 
cant part,  the  chief  mass  of  the  protein  substances  consisting  of  the  more 
complex  compound  proteins,  the  albumins  and  globulins  being  nutritive 
materials  for  the  cells  or  destruction  products  in  the  chemical  transforma- 
tions of  the  protoplasm. 

ACTION  OF  PEOTEINS.— The  recent  work  of  Abderhalden  and  the 
study  of  cytolysins  afford  evidence  that  the  proteins  of  the  liver,  spleen, 
pancreas,  and  possibly  other  organs  have  their  special  peculiarities.  Each 
kind  of  foodstuff,  and  indeed  each  individual  protein  fraction,  follows 
its  own  special  metabolic  path.  Moreover,  there  are  paths  for  fats  and 
paths  for  carbohydrates,  and  it  is  evident  that  even  dextrose  and  levulose 
are  dealt  with  in  different  manners,  for  a  patient  whose  power  of  burning 
dextrose  is  grossly  impaired,  might  deal  with  levulose  with  far  better  suc- 
cess. In  the  same  way  the  power  of  catabolizing  a  single  protein  fraction 
might  be  lacking  in  an  individual  who  was  able  to  dispose  of  other  protein 
fractions  in  a  normal  manner.  It  is  believed  that  these  changes  are 
wrought  by  specialized  enzymes,  many,  if  not  all,  of  which  are  capable  of 
reversed  action. 

The  most  prominent  compound  protein  of  the  cell  is  nucleoprotein,  a 
compound  of  simple  protein  with  nucleic  acid;  this  latter  being  a  phos- 
phoric acid  compound  of  purin  bases,  pyrimidins  and  sugar.  In  the  cell, 
nucleoprotein  exists  in  the  acid  condition  in  the  chromatin  structure  of 
the  nucleus,  while  in  the  cytoplasm  the  acid  is  quite  saturated  with  pro- 
tein. 

The  solution  of  a  protein  is  in  some  respects  hardly  more  than  a  sus- 
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pension,  so  that  relatively  slight  changes  suffice  to  throw  it  out.  Thus, 
many  proteins  may  undergo  changes  whereby  they  lose  their  solubility 
and  become  inert  masses.  This  state  of  ^ 'coagulation"  may  be  brought 
about  outside  the  body  in  the  presence  of  water  by  the  action  of  heat,  of 
chemicals  or  of  enzymes ;  it  also  may  occur  spontaneously  within  the  body 
probably  from  enzyme  action  when  the  life  of  the  tissue  is  extinguished. 
Certain  natural  changes  are  thus  explained,  such  as  coagulation  of  blood 
and  rigor  mortis. 

DIGESTION  OF  PROTEINS.— The  digestion  of  proteins,  that  is  to  say 
their  preparation  in  alimentation  for  absorption,  has  long  been  a  matter 
of  investigation.  The  change  is  at  first  one  of  hydration  and  cleavage 
whereby  soluble  and  slightly  diffusible  products  are  formed,  namely,  pro- 
teoses and  peptones,  and  it  was  long  thought  that  it  was  in  this  form  that 
proteins  were  absorbed.  It  is  now  believed  that  the  end  accomplished  by 
protein  digestion  is  the  breaking  down  of  the  complex  protein  molecule 
into  its  simple  constituent  amino-acids,  or  at  least  into  relatively  simple 
combinations  of  amino-acids,  by  which  change  the  protein  character  is 
entirely  lost.  According  to  this  conception,  the  reconstruction  of  the  pro- 
teins in  the  organism  starts  from  the  simple  amino-acid  fractions,  a  view 
that  furnishes  an  adequate  explanation  of  how  the  transformation  of  the 
foreign  food  proteins  into  proteins  that  are  specific  for  the  individual 
organism,  or  at  least  for  the  species,  is  accomplished. 

The  protein  breakdown  in  digestion  is  brought  about  by  enzymes  of 
the  digestive  juices.  The  reconstruction  of  tissue  proteins  after  absorp- 
tion is  likewise  accomplished  by  enzymes  which  are  now  working  in  a 
reverse  direction,  taking  the  simple  blocks  liberated  by  the  digestive  proc- 
esses and  recombining  them  into  structures,  that  is  to  say  protein  mole- 
cules, of  the  nature  that  constitutes  the  particular  tissues  of  the  indi- 
vidual. There  is  thus  the  explanation  of  individuality  in  chemical  com- 
position as  in  structural  morphology.  Applied  to  germ  plasm,  it  is  readily 
seen  how  this  conception  bears  upon  the  problem  of  hereditary  transmis- 
sions. 

Fischer  has  thrown  much  light  on  the  structure  of  proteins  by  the 
experimental  joining  of  amino-acids  into  combinations,  so-called  peptids, 
of  greater  or  less  complexity.  Molecules  have  thus  been  synthesized  that 
present  many  of  the  characters  of  native  proteins. 

The  mechanism  by  which  the  regulation  of  the  intricate  metabolic 
changes  are  maintained,  and  the  work  of  the  regulating  mechanism  in  the 
animal  body,  are  made  manifest  in  a  variety  of  different  ways.  Thus  we 
know  that  internal  secretions  are  implements  rather  than  originators  of 
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control.  The  hormones  are  themselves  but  chemical  products  of  certain 
specialized  cells,  and  the  activities  of  the  glands  which  produce  them  are 
under  the  control  of  the  vegetative  nervous  system  which  transmits  to 
them  impulses  in  response  to  the  chemical  demands  of  the  tissues. 

Thus  we  sea  that  proteins  are  of  very  complex  constitution,  occurring 
in  both  animal  and  vegetable  foods,  and  that  chemically  they  may  be  re- 
garded as  peptids  or  combinations  of  amino-acids  and  their  derivatives. 
They  are  colorless,  odorless,  in  general  tasteless,  non-volatile  and  of  vary- 
ing degrees  of  solubility;  they  are  putrefiable  and  readily  undergo  chem- 
ical change  under  the  influence  of  the  digestive  ferments. 

Proteins^  as  Classified  by  American  Biochemists (4) 

I  Simple  Proteins  II  Conjugated  Proteins  III  Derived  Proteins 

A  Albumins  A  Chromoproteins  A  Primary  Protein  Derivatives 

B  Globulins  B  Glyco-  or  glucoproteins  a  Proteans 

C  Glutelins  C  Phosphoproteins  b  Metaproteins 

D  Prolamins  D  Nucleoproteins  c  Coagulated  proteins 

E  Albuminoids  E  Leeithoproteins  B  Secondary  Protein  Derivatives 

F  Histones  a  Proteoses 

G  Protamins  b  Peptones 

c  Peptids 

SIMPLE  PEOTEINS.— These  are  native  proteins  that  apparently  are 
made  up  entirely  of  amino-acids,  or  at  least  contain  no  distinct  moiety 
capable  of  being  split  off  as  such. 

Coagulable  proteins  are  the  typical  simple  proteins.  They  are  the  al- 
bumins and  globulins  and  occur  together  in  most  tissues  and  fluids  of 
animals,  as  also  in  various  parts  of  plants,  especially  fruits  and  seeds. 
They  are  changed  into  insoluble  modifications  when  they  are  heated  to 
boiling  in  a  very  slightly  acid  solution.  They  are  built  up  of  a  rather 
large  proportion  of  mono-amino-acids,  in  distinction  to  histon  and  espe- 
cially protamin,  in  which  the  diamino-acids  are  conspicuous.  Moreover, 
the  mono-amino-acids  include  at  least  eight  varieties.  The  important 
chemical  distinction  is  that  while  albumins  are  soluble  in  water,  globu- 
lins are  only  soluble  in  dilute  salt  solutions.  Further,  albumins  are  less 
readily  salted  out  of  solution  than  are  globulins. 

Albumins. — Albumins  are  widely  distributed.  The  molecule  is 
highly  complex  and  within  certain  limits  varies  greatly  in  different  or- 
gans and  conditions.  The  chief  examples  of  albumins  are  serum  albumin, 
eg:g  albumin,  myo-albumin,  lactalbumin,  vegetable  albumin.  The  serum- 
albumin  of  the  blood  serum,  plasma,  lymph  and  other  tissue  fluids  is 
probably  a  mixture  of  two  albumins,  from  one  of  which  amino-sugar  was 
obtained  by  Langstein. 
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Globulins. — Globulins  are  quite  abundant  and  may  be  present  with 
an  appreciable  amount  of  sodium  chlorid.  The  chief  examples  are  serum- 
globulin,  paraglobulin,  myoglobulin,  myosinogen  (myosin),  fibrinogen 
(fibrin),  vegetable  myosin,  legumin  or  vegetable  casein,  vitellin,  etc. 
While  albuinins  are  only  sparingly  present  among  vegetable  proteins,  the 
globulins  are  common.  Serumglobulin,  paraglobulin,  or  fibrinoplastin  is 
abundantly  present  in  blood  serum,  plasma,  lymph,  red  blood  corpuscles, 
leucocytes,  and  also  probably  in  the  cells  of  many  tissues.  Fibrinogen 
occurs  in  blood,  lymph,  chyle  and  certain  transudates,  and  possibly  is 
formed  from  a  destruction  of  leucocytes.  Vitellin  is  the  globulin  of  egg 
yolk,  which  is  not  precipitated  by  sodium  chlorid. 

In  the  pea,  horse  bean,  lentil  and  vetch  the  globulin  legumin  is  abun- 
dant; in  the  first  three  mentioned,  vicilin  is  also  present.  These  seeds 
contain  small  quantities  of  the  albumin,  legumelin. 

In  the  oil  seeds  (nuts),  globulins  are  the  principal  protein,  as  excelsin 
in  Brazil  nuts  and  edestin  in  hempseed.  When  properly  separated  from 
solution,  many  of  these  proteins  present  a  crystalline  form. 

The  chief  protein  constituents  of  the  seeds  of  cereals  form  a  distinct 
group  not  represented  in  other  plants  nor  in  animals.  In  wheat  these  are 
gliadin,  belonging  to  the  prolamins,  and  glutenin,  a  glutelin.  The  gluten 
of  dough  is  a  mixture  of  gliadin  and  glutenin  in  roughly  equal  propor- 
tions in  which  the  gliadin  forms  a  sticky  mass  with  water  and  binds  to- 
gether the  particles  of  glutenin. 

Glutelins. — Glutenin  is  insoluble  in  water  and  salt  solutions,  but 
soluble  in  dilute  acid  or  alkali.  It  gives  most  of  the  general  reactions  for 
proteins. 

Prolamins. — Prolamins,  of  which  gliadin  is  an  example,  are  insolu- 
ble in  water  and  in  absolute  alcohol,  but  dissolve  in  alcohol  of  80  per  cent. 
They  give  most  of  the  general  reactions  for  proteins.  Besides  their  pe- 
culiar solubility,  they  differ  in  composition  from  other  proteins  in  that 
they  contain  a  large  amount  of  prolin  and  also  amido  groups,  hence  the 
designation  prolamins.  There  is  also  a  large  amount  of  glutamic  acid. 
Zein  of  maize  and  hordein  of  barley  are  other  prolamins. 

Albuminoids. — Albuminoids,  designated  scleroproteins  in  the  Eng- 
lish classification,  constitute  the  chief  protein  constituents  of  the  support- 
ing tissues  of  the  animal  body,  in  marked  distinction  to  plants  in  which 
these  tissues  are  carbohydrate  in  nature  (cellulose,  etc.).  However, 
chitin,  which  makes  up  the  hard  parts  of  the  arthropoda  and  is  usually 
designated  an  albuminoid,  is  believed  to  be  a  polymerized  mono-acetyl 
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glucosamin  and  is  llius  chemically  related  to  the  carbohydrates.  Its  rela- 
tion to  the  glycoproteins  is  indicated  below.  The  keratins,  the  albuminoid 
basis  of  hair,  nails,  feathers,  horn,  epidermis,  etc.,  are  ordinarily  incapa- 
ble of  digestion  and  so  present  no  food  interest.  Elastin,  the  chief  con- 
stituent of  elastic  tissue,  is  very  resistant.  While  under  some  circum- 
stances it  is  easily  digested  by  pepsin  and  is  said  to  be  actually  digested 
in  dogs,  it  is  believed  to  be  only  partially  digested  by  human  beings.  Col- 
lagen, which  forms  the  most  abundant  nitrogenous  constituent  of  the 
ground  substance  of  connective  tissue  of  bone  and  of  cartilage,  is  converted 
into  gelatin  by  boiling  with  water  and  is  thus  of  considerable  food  inter- 
est. The  aromatic  amino-acids  do  not  enter  into  the  composition  of  this 
protein,  so  that  it  is  sometimes  referred  to  as  an  incomplete  protein.  On 
this  account  it  does  not  fulfill  the  protein  requirements  of  the  body,  though' 
in  conjunction  with  complete  proteins  it  reduces  the  quantity  of  the  lat- 
ter which  is  necessary  for  sustenance.  It  is  also  on  account  of  the  absence 
of  aromatic  amino-acids  that  under  bacterial  growth  it  does  not  undergo 
putrid  decomposition,  which  fact  renders  it  of  great  service  when  this 
process  is  to  be  avoided  in  alimentation.  Chondro-albuminoid  of  cartilage 
and  osseo-albuminoid  of  bone  are  present  in  relatively  small  amounts  and 
are  so  resistant  that  they  probably  yield  little  or  no  protein  nourishment 
to  the  body. 

HisTONs. — Histons  are  basic  proteins  occupying  a  place  midway 
between  protamin  and  typical  protein,  and  in  some  instances,  at  least, 
seem  to  be  intermediate  products  in  the  formation  of  protamin.  On  hy- 
drolysis they  yield  a  larger  proportion  of  arginin  than  albumins  and 
globulins,  but  less  than  protamins.  Examples  are  the  histons  from  blood 
corpuscles  and  from  thymus,  as  well  as  from  the  unripe  testicles  of  fish. 
Globin,  the  protein  moiety  of  the  conjugated  protein  hemoglobin,  has 
been  considered  to  be  a  histon.  However,  in  its  properties  it  has  many 
points  of  diiference,  most  important  of  which  is  that  while  29  per  cent 
of  its  nitrogen  is  in  the  form  of  diamino-acids,  the  chief  acid  is  histidin, 
not  arginin. 

Protamins. — Protamins,  sometimes  called  basic  proteins,  are  the  sim- 
plest of  all  proteins,  and  probably  form  the  base  or  nucleus  of  all  typical 
protein.  Prominent  examples  of  protamins  are  salmin  and  sturin,  ob- 
tained from  the  corresponding  fish  sperm  in  which  they  are  present  as 
salts  of  nucleic  acid.  They  differ  from  the  more  familiar  proteins,  being 
composed  chiefly  of  diamino-acids,  and  especially  arginin,  and  seem  to 
be  derived  from  the  diamino-acid  portion  of  muscle  protein  during 
growth  in  the  spawning  season. 
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CONJUGATED  PKOTEINS.— These  are  composed  of  a  protein  moiety  in 
conjunction  with  a  so-called  prosthetic  group,  usually  acid  in  nature, 
which  determines  the  class  to  which  they  belong. 

Chromoproteins. — Chromoproteins  have  prosthetic  groups  that  are 
colored.  The  iron-containing  hematin  of  hemoglobin  is  a  familiar  exam- 
ple. Chlorophyll,  whose  composition  is  not  yet  known,  probably  belongs 
to  this  class,  as  do  the  crystalline  conjugated  proteins,  phycoerythrin  and 
phycocyan,  closely  associated  with  chlorophyll  in  plants.  That  chloro- 
phyll contains  a  prosthetic  group  similar  to  hematin  is  suggested  by  the 
fact  that,  like  hematin,  on  decomposition  it  yields  pyrrol  derivatives. 
However,  it  contains  no  iron,  but,  instead,  magnesium. 

Glyco-  or  Glucoproteiis^s. — These  are  characterized  by  having 
prosthetic  groups  that  are  carbohydrates.  The  group  in  most  cases  is 
glucosamin  or  a  polysaccharid  composed  of  glucosamin  units,  such  as 
chondroitic  acid.  The  particular  examples  are  the  mucins  and  mucoids, 
the  former  yielding  slimy  or  gummy  solutions  while  the  latter  do  not. 
Mucins  occur  in  saliva,  the  prosthetic  group  making  up  36.9  per  cent  of 
the  salivary  mucin  and  26  per  cent  of  the  submaxillary.  This  radical  is 
probably  in  part  and  perhaps  wholly  glucosamin.  Moreover,  it  is  prob- 
ably a  monoacetyl  hexosamin,  which  fact  relates  it  to  chitin,  which  is  a 
polymer  of  an  acetylated  glucosamin.  The  carbohydrate  group  separated 
from  mucin  by  boiling  with  alkali,  the  animal  gum  of  Landwehr,  has  a 
reducing  action  only  after  hydrolysis,  which  further  relates  it  to  chitin 
and  to  chondroitic  acid.  This  latter  in  the  prosthetic  group  of  mucoids, 
whether  chondromucoid,  tendomucoid  or  osseomucoid  substances,  occurs 
in  the  corresponding  tissues.  Chondroitic  acid  is  the  sulphuric  acid  com- 
pound of  chondroitin  which  on  decomposition  yields  acetic  acid,  glycu- 
ronic  acid  and  glucosamin.  It  is  the  formation  from  the  prosthetic  group 
by  hydrolysis  of  these  carbohydrate  radicals  that  justifies  the  classification 
of  the  mucins  and  mucoids  as  glucoproteins. 

Phosphoproteins. — These  are  of  considerable  importance  in  food 
chemistry  because  being  present  in  milk,  in  the  eggs  of  birds  and  frogs 
and  fish  they  constitute  the  greater  part  of  the  protein  present  in  the  food- 
stuffs of  young  mammals  and  of  embryo  birds.  They  contain  phosphorus, 
but  their  prosthetic  group  has  not  been  identified;  hence  they  are  regarded 
as  simple  proteins  in  the  English  classification.  They  were  formerly 
called  nucleo-albumins,  but  they  yield  neither  nucleic  acid,  purins  nor 
pyramid! ns  on  hydrolytic  decomposition.  Casein  of  milk,  termed  caseino- 
gen  by  the  English,  is  the  most  familiar  example,  while  vitellin  of  egg 
yolk,  occurring  in  loose  combination  with  lecithin,  is  another.     It  is  the 
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casein  of  milk  that  separates  as  a  curd  under  the  enzyme  action  of  rennin. 
The  presence  of  calcium  salts  is  essential  to  this  process. 

NucLEOPROTEiNs. — They  are  characterized  by  the  prosthetic  group 
nucleic  acid.  In  typical  nucleoproteins  this  is  a  combination  of  ortho- 
phosphoric  acid  with  (a)  a  carbohydrate,  either  a  hexose  or  pentose, 
which  in  turn  is  combined  in  part  with  (b)  the  purin  bases  guanin  and 
adenin  and  in  part  with  (c)  two  of  the  three  pyramidin  bases,  cytasin, 
thymin  and  uracyl.  A  single  grouping  of  a  phosphoric  acid,  carbohy- 
drate and  purin  or  pyramidin  base,  is  called  a  mononucleotid.  Nucleic 
acid  is  a  tetranucleotid,  in  which  two  are  purin  and  two  pyrimidin.  The 
carbohydrate  and  purin  or  pyrimidin  combination  is  a  nucleosid.  When 
nucleoproteins  are  hydrolyzed  through  the  action  of  pepsin-hydrochloric 
acid,  the  action  does  not  proceed  to  complete  hydrolysis,  but  part  of  the 
protein  remains  combined  with  the  nucleic  acid  as  an  insoluble  compound 
termed  nuclein.  Since  nucleoproteins  are  regularly  important  constitu- 
ents of  cell  nuclei  and  occur  as  well,  though  with  a  lesser  proportion  of 
nucleic  acid,  in  the  cytoplasm,  it  will  be  appreciated  why  cellular  food 
is  the  source  of  exogenous  purins,  and  that  a  purin-free  diet  may  not  in- 
clude these  nucleoprotein-containing  tissues. 

Purin  Bodies 

Purin   C5H4N4 

Hypoxanthin,  6 — mono-oxy purin    C5H4N4O 

Xanthin,  2,  6 — dioxypurin C5H4N4O2 

Uric  acid,  2,  6,  8 — trioxypurin    C5H4N4O3 

Adenin,    6 — aminopurin    C5H3N4 .  NHj 

Guanin,  2 — amino — 6 — oxypurin    C5H3N4O.NH2 

Theobromin,  3,  7— dimethyl— 2,  6— dioxypurin   C5H2N4O2  ( CH3 ) , 

Theophyllin,   1,  3— dimethyl— 2,  6— dioxypurin    C5H2N4O2  ( CH3 ) , 

Caffein,  1,  3,  7— trimethyl— 2,  6— dioxypurin C5HN402(CH3)3 

These  compounds  are  closely  related  in  chemical  structure  and  are 
found  more  or  less  closely  associated  in  both  animals  and  plants.  They 
have  the  following  heterocyclic  ring  structure;  for  convenience  the  posi- 
tions are  given  fixed  numbers : 

IN— 6C 

I        I 
2C    5C— 7N. 

I        I  >C8 

3N— 4C— N9^ 

In  purin,  hydrogen  enters  into  the  2,  6,  7  and  8  positions.  In  the 
various  purin  bodies,  the  particular  groups  enter  into  the  positions  indi- 
cated in  the  names  designated  above.     In  the  various  organs  of  the  body, 
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enzymes  tend  to  transform  the  purin  bodies  to  other  members  of  the 
group.  Thus,  guanase  hydrolyzes  guanin  with  the  formation  of  ammonia 
and  xanthin ;  adenase  hydrolyzes  adenin  into  ammonia  and  hypoxanthin ; 
hypoxanthin  passes  by  oxidation  into  xanthin,  which,  in  turn,  through 
the  agency  of  xanthinoxidase  is  transformed  into  uric  acid.  Finally,  the 
uricolytic  enzymes  transform  uric  acid  into  allantoin,  though  this  destruc- 
tive power  seems  to  have  been  largely  or  wholly  lost  in  human  beings. 

Guanin  and  adenin  preexist  in  nucleic  acid.  Among  the  products  of 
hydrolysis,  xanthin  and  hypoxanthin  are  apt  to  be  produced.  Such 
change  may  also  be  brought  about  by  the  enzymes  in  the  tissues. 

Caffein  is  the  familiar  constituent  of  coffee  beans  (0.8 — 1.7  per  cent), 
cocoa  beans  (0.1 — 0.8  per  cent),  cocoanuts  (1.2  per  cent),  and  tea  leaves 
(2 — 5  per  cent).  Two  and  one-half  to  5  per  cent  is  present  in  guarana, 
the  roasted  fruit  of  Paullinia,  which  is  eaten  in  South  America.  Theo- 
bromin  is  present  to  the  extent  of  1.5 — 2.4  per  cent  in  cocoa  beans  and 
in  smaller  amounts  in  Kolo  nuts  and  tea  leaves.  It  is  not  present  in  cof- 
fee beans.     Theophyllin  has  been  isolated  from  the  extracts  of  tea. 

Pyrimidin  Bases 

Pyrimidin   C4H4N2 

Uracil,   2,   6 — dioxypyrmidin   C4n4N202 

Cytosin,   6 — amino — 2 — oxypyrimidin    C4H3N2O .  NH3 

Thymin,  5 — methyl — 2,  6 — dioxypyrimidin    C4H3N2O2.CH3 

These  are  heterocyclic  compounds  presenting  the  following  structure: 

IN— C6 

I       I 
2C    C5 

I       I 
3N— C4 

Because  this  ring  is  a  portion  of  the  purin  structure,  it  has  been  sug- 
gested that  the  pyramidins  are  purin  decomposition  products,  but  such 
proves  not  to  be  the  case.  At  least  two  of  them  preexist  in  nucleic  acid, 
but  it  is  probable  that  uracil  is  formed  from  cytosin  during  the  hydrolysis. 

Lecithoproteins. — Lecithoproteins  have  lecithin  or  a  phospholipin 
as  the  prosthetic  group.  Their  existence  in  cytoplasm  is  probable  but 
they  have  not  yet  been  isolated.  The  globulin  vitellin  is  believed  to  exist 
in  egg  yolk  either  wholly  or  in  part  as  lecithovitellin ;  likewise,  a  lecitho- 
protein  has  been  described  as  present  in  the  gastric  mucosa. 

DERIVED  PROTEINS. —  These  are  the  transformed  proteins,  including 
proteins  that  have  undergone  decomposition,  or  synthesized  compounds 
resembling  such  products. 
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Primary  Protein  Derivatives  are  certain  transformed  proteins  that 
have  not  been  changed  to  the  state  of  hydrolytic  decomposition. 

Proteans. — These  are  the  first  products  of  the  action  of  acids,  en- 
zymes or  water.     They  are  insohible  in  water. 

Metaproteins. — The  proteins  in  this  group  are  formed  by  the  fur- 
ther action  of  acid  or  alkalies  and  include  acid  albumin  and  alkali  albu- 
min. 

Coagulated  Proteins. — These  are  the  insoluble  modifications  pro- 
duced by  the  action  of  heat  and  alcohol.  The  coagulated  Q^g  white  is  a 
familiar  example. 

Secondary  Protein  Derivatives  present  varying  stages  of  hydrolytic 
decomposition. 

Proteoses. — These  proteins  are  soluble  in  water,  not  coagulated  by 
heat  and  precipitated  by  saturation  of  their  solution  with  ammonium  sul- 
phate. The  individual  members  are  designated  by  their  particular  name, 
e.g.,  albumoses,  globuloses,  gelatoses,  etc. 

Peptones. — These  products  of  further  hydrolysis  are  soluble,  non- 
coagulable  by  heat  and  are  not  precipitated  by  saturation  of  their  solution 
with  ammonium  sulphate.  They  are  somewhat  more  diffusible  and  give 
the  biuret  reaction,  though  with  a  decidedly  more  pinkish  hue  than  the 
native  proteins  or  even  the  proteoses. 

Peptids. — These  are  relatively  simple  compounds  of  the  amino-acids, 
either  products  of  hydrolytic  decomposition  or  of  synthetic  origin,  whose 
exact  composition  is  known.  The  amino-acids  combine  through  the  amino 
and  carboxyl  groups.  Peptids  may  or  may  not  give  the  biuret  reaction. 
They  are  designated  di-,  tri-,  tetra-,  penta-peptids,  etc.,  according  to  the 
number  of  amino-acids  that  enter  into  their  composition.  Where  this  is 
large,  the  designation  polypeptid  is  employed. 

NITROGENOUS  EXTRACTIVES.— More  or  less  closely  related  to  the 
amino-acids  of  proteins  are  certain  nitrogenous  substances  that  are  fre- 
quently found  associated  with  them  and  which,  together  with  nonprotein 
amino-acids,  go  to  make  up  what  were  formerly  known  as  nitrogenous 
extractives. 

Amids. — These,  found  in  both  animals  and  plants,  are  derivatives  of 
the  fatty  acids  in  which  the  hydroxyl  of  one  or  more  carboxyl  group  is 
replaced  by  an  amino  (NH2)  group.  Thus  asparagin  of  plants  is  an 
amid  of  aspartic  acid. 

Betain. — This  compound,  which  occurs  in  both  animals  and  plants, 
is  a  trimethylamin  derivative  of  acetic  acid. 

GuANiDiN. — These  derivatives,  notably  methylguanidin  of  meat,  the 
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diamino-acid  arginin  and  creatin,  a  constituent  of  meat,  are  of  wide  oc- 
currence. These  substances  must  all  be  recognized  as  food  constituents 
in  small  quantities. 

CARBOHYDRATES 

Of  the  constituents  of  an  ordinary  mixed  diet,  the  carbohydrates  are 
usually  the  most  abundant,  and,  from  the  standpoint  of  cost,  the  most 
economical.  They  are  found  more  especially  in  the  various  vegetable  sub- 
stances and  are  of  exceedingly  varied  structure  and  composition,  as  a  rule 
containing  in  the  molecule  6  atoms  of  carbon  (or  a  multiple  of  6)  in  com- 
bination with  hydrogen  and  oxygen  in  the  proportion  to  form  water  as 
shown  in  the  following  formulae,  grape  sugar  CgHigOe,  cane  sugar, 
C12H22O11,  etc. 

The  carbohydrates  include  the  sugars  which  are  aldehyd  or  ketone  al- 
cohols having  the  following  common  properties:  (a)  they  have  a  sweet 
taste,  (h)  optically  active,  (c)  may  or  may  not  reduce  alkalin  metallic 
solutions,  (d)  and  yield  characteristic  crystalline  compounds  with  phenyl- 
hydrazin. 

Classification  of  Carbohydrates. — Those  containing  multiples  of  three 
carbon  atoms  are  fermentable  by  yeast,  and  yield  alcohol.  Others  when 
heated  with  strong  acids  yield  characteristic  derivatives,  i.e.,  the  pentoses 
yield  furfurol ;  the  hexoses  yield  levulinic  acid.  We  recognize  the  follow- 
ing classification  according  to  whether  one,  two  or  more  sugar  molecules 
enter  into  the  formation  of  the  molecule:  Monosaccharids,  Disaccharids, 
Polysaccharids. 

THE  MONOSACCHAEIDS.— Under  this  classification  belong  the  grape 
sugar  group,  comprising  those  which  cannot  be  split  by  hydrolysis  into 
sugars  of  lower  molecule  weight.  They  are  white,  odorless,  sweet,  crys- 
tallizable  substances,  readily  soluble  in  water,  sparingly  soluble  in  alcohol, 
insoluble  in  ether.  Like  all  aldehyds  and  ketones  they  are  easily  oxi- 
dized, acting  as  reducing  agents.  They  are  unaffected  by  digestive  en- 
zymes, and  if  not  attacked  by  bacteria  in  the  digestive  tract,  they  are 
absorbed  and  enter  the  blood  current  unchanged.  In  order  to  show  in 
its  name  that  a  substance  belongs  to  the  carbohydrates,  the  ending  ose  is 
used  to  distinguish  these  bodies  from  the  members  of  other  groups.  Ac- 
cording to  the  number  of  carbon  atoms  present,  the  monosaccharids  are 
again  subdivided  into  classes  called,  viz. : 

Trioses  CgHgOg — glycerose  an  alcoholic  aldehyd. 
Tetroses  C^HgO^ — erythrose. 
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Pentoses  C5H10O5 — arabinose,  ribose,  rhamnose  and  xylose. 
Hexoses  CQH.i2^e — dextrose,  fructose,  galactose,  sorbinose. 
Heptoses  C7H14O7 — niannoheptose,  friictoheptose,  glucoheptose. 
Octoses  CgHigOg — mannoctosc,  glucoctose. 
Nonoses  C9Hi809 — mannonose,  glucononose. 

The  monosaccharids  are  converted  into  corresponding  alcohols  by  nas- 
cent hydrogen,  and  conversely,  the  alcohols  into  monosaccharids  by  the 
loss  of  hydrogen.  The  more  abundant  ones  are  readily  susceptible  to  alco- 
holic fermentation  and  are  utilized  for  the  production  of  glycogen  in  the 
animal  body  and  in  the  maintenance  of  the  normal  glucose  content  of  the 
blood(5). 

Pentoses. — These  substances,  C5H10O5,  occur  in  many  foods  and 
vegetables  as  complex  carbohydrates  known  as  pentosans.  When  taken 
into  the  body  pentosans  are  split  off  by  hydrolytic  cleavage,  and  pentose 
is  excreted  in  the  urine;  considerable  pentosans  are  found  in  the  urine 
of  persons  addicted  to  the  use  of  morphin.  Pentoses  are  of  great  impor- 
tance, as  they  are  constituents  of  certain  nucleic  acids  and  are  contained 
in  the  nuclei  and  cytoplasm  of  cells (6).  As  pentosans  they  are  widely 
distributed  throughout  the  vegetable  kingdom,  where,  particularly  as 
xyla7i  and  arabin,  they  form  a  considerable  proportion  of  the  building 
material  for  the  human  economy.  Pentosans  are  found  in  the  juice  of  a 
large  variety  of  green  plants,  being  more  abundant  in  the  morning  than 
in  the  evening.  They  occur  to  a  considerable  extent  in  the  seeds  of  cereals 
and  legumins,  straws,  grasses,  etc.  Water-free  cassava  contains  3.96  per 
cent,  and  eleven  kinds  of  gum  reveal  its  presence.  They  are  not  very 
digestible.  The  pentoses  are  converted  into  furfurol  during  the  manufac- 
ture of  alcohol.  Experiments  have  been  made  to  ascertain  if  the  pentoses 
might  be  taken  in  diabetes  as  a  substitute  for  other  sugars;  the  results 
have  shown  that  although  the  pentoses  are  soluble,  they  are  not  readily 
digested  or  assimilated  by  human  beings,  and  that  the  portion  which  is 
absorbed  readily  passes  into  the  urine. 

Hexoses. — These  substances,  CgHiaOe,  are  the  most  important  of  the 
aldoses  and  ketoses,  both  from  a  practical  and  physiological  standpoint. 
The  chief  examples  are  dextrose  and  levulose,  but  there  are  two  groups : 
(a)  aldoses  comprise  dextrose,  mannose,  galactose,  gulose,  formose,  acrose, 
talose;  (h)  ketoses  comprise  levulose  and  sorbinose. 

Dextrose  or  glucose  is  also  called  "grape  sugar''  and  "diabetic  sugar." 
This  is  physiologically  the  most  important  sugar  occurring  in  an  impure- 
state  in  sweet  fruits,  such  as  grapes,  also  in  seeds,  roots  and  honey.     It  is 
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also  obtained  from  other  carbohydrates  by  hydrolysis  either  by  acids  or 
enzymes,  and  thus  becomes  the  principal  form  of  the  carbohydrate  after 
the  food  enters  into  the  animal  economy.  In  the  animal  economy  of  a 
healthy  individual,  the  glucose  of  the  blood  is  constantly  being  burned 
and  replaced.  In  diabetes,  the  system  loses  to  a  greater  or  less  degree  the 
power  to  burn  glucose;  it  then  accumulates  in  excessive  amounts  in  the 
blood,  from  which  it  escapes  through  the  kidneys.  A  temporary  loss  of 
glucose  in  the  urine  may  occur  as  the  result  of  feeding  large  quantities 
of  sugar  at  a  time.  This  condition  is  known  as  alimentary  glycosuria. 
Under  ordinary  circumstances  in  a  healthy  individual  any  surplus  of 
glucose  absorbed  from  the  digestive  tract  is  converted  into  glycogen  and 
stored  in  the  liver. 

Levulose,  fructose,  CgHigOe,  or  fruit  sugar,  occurs  with  glucose  in 
sweet  fruits  and  honey.  It  resembles  glucose  in  most  of  its  chemical  and 
physical  properties,  but  does  not  crystallize  from  an  aqueous  solution.  It 
may,  however,  be  obtained  in  white  silky  needles  from  an  alcoholic  solu- 
tion. It  is  met  with  generally  as  a  thick  syrup,  is  about  as  sweet  as  cane 
sugar  and  turns  the  plane  of  polarized  light  to  the  left;  it  is  formed  to- 
gether with  glucose  by  the  action  of  dilute  mineral  acids  or  ferments  on 
cane  sugar (7).  Fructose  may  occur  in  normal  blood,  but  probably  only 
in  insignificant  quantities.  It  serves,  like  glucose,  for  the  production  of 
glycogen;  and  the  fructose  which  enters  the  body  either  through  being 
eaten  as  such  or  as  the  result  of  the  digestion  of  cane  sugar  is  mainly 
changed  to  glycogen  on  reaching  the  liver,  so  that  it  does  not  enter  largely 
into  the  blood  or  the  general  circulation.  It  may  be  readily  understood, 
however,  that  fructose  shovild  be  converted  in  the  liver  into  glycogen, 
which  on  hydrolysis  yields  glucose. 

The  sugar  of  fruit  is  usually  an  admixture  of  dextrose  and  levulose, 
and  is  called  invert-sugar.  It  is  uncrystallizable  and  forms  granular 
masses  in  dried  fruit — it  consists  of  4  parts  of  levulose  and  3  parts  of 
hydrated  dextrose,  some  of  which  arise  by  inversion  of  saccharose. 

Galactose,  CgHioOe,  is  not  found  free  in  nature,  but  results  together 
with  glucose  from  the  hydrolysis  of  milk  sugar,  either  by  acids  or  by  di- 
gestive enzymes,  and  appears  to  have  the  same  power  as  glucose  and  fruc- 
tose to  promote  the  formation  of  glycogen  in  the  animal  body.  It  is  also 
formed  together  with  dextrose  when  gum  arable  is  boiled  with  dilute  sul- 
phuric acid.  Galactose  does  not  ferment  with  yeast.  The  anhydrids  of 
galactose,  known  as  galactans,  occur  quite  widely  distributed  in  plant 
products.  The  galactans  of  certain  legumes  are  found  to  be  readily  di- 
gested. 
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Sorbinose  is  the  sugar  in  the  fruit  of  the  service  tree  and  mountain 
ash,  and  appears  to  arise  from  the  hydrolysis  of  a  glucosid  or,  according 
to  Freund,  from  the  oxidation  of  a  gelatinous  substance  in  service 
fruit  (8). 

Inosite,  CoHigOe  (muscle-sugar),  is  classed  with  the  carbohydrates 
on  account  of  its  sweet  taste,  its  readiness  to  undergo  lactic  and  butyric 
fermentation,  and  the  identity  of  its  molecular  formula  with  that  of  the 
hexoses.  It  occurs  somewhat  abundantly  in  unripe  beans  and  peas,  and 
sparingly  in  the  liquid  of  muscular  tissue ;  traces  are  found  in  urine,  the 
quantity  increasing  in  certain  diseases.  It  does  not  ferment  with  yeast 
and  is  optically  inactive. 

Glucosamin,  CflHigNOg,  is  an  amino-sugar.  It  is  derived  from  one 
of  the  hexoses,  probably  dextrose  or  mannose,  being  an  intermediate  sub- 
stance between  the  glucoses  and  amino-acids.  It  is  to  be  regarded  as  a 
bridge  between  carbohydrates  and  proteins  in  the  development  process  of 
matter.  It  has  been  obtained  from  glucoproteins,  such  as  mucin,  and  also 
from  chitin,  the  shells  of  lobsters,  crabs,  and  other  invertebrates. 

DISACCHARIDS.— Disaccharids,  Ci2ll220ii>  form  the  cane  sugar 
group(9).  They  are  also  called  bioses,  di-hexoses  and  sucroses.  The 
chief  members  of  the  group  include ; 


Saccharose 

cane  sugar 

Lactose 

milk  sugar 

Maltose 

malt  sugar 

They  differ  from  monosaccharids  by  not  fermenting  directly  and  by 
not  forming  ozazones,  and  are  sparingly  soluble  in  alcohol.  They  are  im- 
portant constituents  of  food  and  are  changed  to  monosaccharids  during  the 
digestive  process.  In  reality  they  are  condensed  glucoses  formed  by  two 
molecules  of  any  of  the  grape  sugar  group  becoming  joined  together  with 
the  loss  of  a  molecule  of  water.  They  are  capable  of  hydrolytic  cleavage 
into  two  molecules  of  monosaccharid. 

Saccharose,  CJ2II22O11,  is  the  chief  member  of  the  cane  sugar  group, 
and  is  more  largely  used  for  domestic  sweetening  than  any  other  sub- 
stance. Chemically,  it  is  a  combination  of  the  monosaccharids  dextrose 
and  levulose.  It  is  very  widely  distributed  throughout  the  vegetable 
kingdom  in  the  juice  of  plants  and  fruits,  but  is  especially  abundant  in 
the  stalk  of  sugar  cane,  sugar-millet,  roots  of  beet,  carrot,  and  other  vege- 
tables. Many  of  the  common  fruits  and  vegetables  contain  notable 
amounts  of  sucrose.  Sucrose  is  said  to  constitute  at  least  half  the  solid 
matter  of  pineapples.     As  a  food  it  occupies  a  very  high  position,  as  will 
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be  seen  by  referring  to  Chapter  XV,  Sugar,  Spices  and  Condiments. 
Physiologists  have  found  an  enzyme  called  invertase  in  the  intestinal 
secretions  which  hydrolyzes  cane  sugar;  the  slight  amount  of  hydrolysis 
which  takes  place  in  the  stomach  is  believed  to  be  due  simply  to  the  pres- 
ence of  hydrochloric  acid. 

Maltose,  C12H22O11,  is  obtained  by  the  action  of  diastase  on  starch. 
Diastase  is  an  enzyme  formed  during  the  germination  of  various  seeds 
(rye,  wheat,  barley,  etc.),  and  it  is  for  this  reason  that  grain  used  for 
alcoholic  liquors  is  converted  into  malt.  It  allows  germination  to  proceed, 
during  which  process  diastase  is  formed,  which  acts  upon  the  starch  to 
convert  it  into  maltose  and  dextrin.  Maltose  is  also  formed  as  an  inter- 
mediate product  when  starch  is  hydrolyzed  by  boiling  with  dilute  mineral 
acids,  as  in  the  manufacture  of  commercial  glucose.  In  animal  digestion 
maltose  is  formed  by  the  action  of  the  ptyalin  of  the  saliva  or  the  amy- 
lopsin  of  the  pancreatic  juice  upon  starch  or  dextrin.  The  maltose  split- 
ting enzyme  of  the  intestinal  juice  readily  hydrolyzes  maltose  to  glucose. 
It  also  occurs  in  leaves  of  plants  as  a  product  of  assimilation.  It  forms 
as  much  as  51  per  cent  of  the  dry  matter  of  malt.  In  the  process  of  di- 
gestion of  starch  in  the  alimentary  canal  maltose  is  formed,  but  the  blood 
of  the  mesenteric  vessels  contains  only  dextrose,  wherefore,  it  must  be  still 
further  split  before  it  is  assimilated  either  previous  to  its  absorption  by 
the  enzyme  maltase  in  the  succus  entericus,  or  in  its  absorption  in  the 
cells  of  its  intestinal  mucosa.  Therefore,  it  is  not  likely  that  any  maltose 
as  such  is  absorbed  from  the  digestive  tract  under  ordinary  conditions, 
though  the  possibility  cannot  be  denied  that  such  absorption  may  occur 
and  that  maltose  may  play  a  part  in  the  normal  carbohydrate  metabolism. 
Abderhalden(lO)  found  that  when  he  injected  maltose  into  the  blood  it 
appeared  to  be  utilized  to  better  advantage  than  either  lactose  or  sucrose. 
He  found  that  it  could  be  obtained  from  glycogen  by  the  action  of  dias- 
tatic  enzymes  in  much  the  same  way  as  from  starch  and  dextrin. 

Lactose,  Ci2ll220ii>  saccharum  lactis,  or  milk  sugar,  is  found  almost 
exclusively  in  milk  of  the  mammalia.  It  is  obtained  by  freeing  milk 
from  casein  and  fat,  and  evaporating  the  remaining  liquid  to  a  small  bulk, 
when  the  milk  sugar  crystallizes  on  cooling.  It  may  also  be  obtained  by 
hydrolysis  of  certain  carbohydrates  and  other  vegetable  substances  by 
enzymes  or  acids.  It  is  a  combination  of  dextrose  and  galactose,  and  can 
be  split  into  these  monosaccharids.  When  hydrolyzed  either  by  heating 
with  acids  or  by  the  lactase  of  the  intestinal  juice,  each  molecule  of 
lactose  yields  one  molecule  of  glucose  and  one  of  galactose.  In  normal 
digestion  probably  none  of  the  lactose  eaten  is  absorbed   as  such,   for 
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lactose  injected  into  the  blood  is  eliminated  quickly  and  almost  com- 
pletely through  the  kidneys,  but  large  quantities  of  lactose  can  be  taken 
by  the  mouth  without  any  such  loss. 

TKISACCHAKIDS.— Under  this  heading  are  classified  the  rafRnose  group 
of  sugars,  CigHgaOie,  formed  by  the  linking  together  of  three  molecules 
of  the  monosaccharids,  with  the  loss  of  water.  The  chief  members  of 
this  group  are,  viz. : 

Melitose,  which  occurs  in  manna  and  beet  root  molasses 
Melizitose,  a  sugar  forming  20  per  cent  ^ 'honey  dew." 

Melitose  occurs  in  Australian  manna  and  is  a  combination  of  one 
molecule  each  of  dextrose,  levulose  and  galactose,  into  which  it  can  be 
separated  by  hydrolysis. 

Melizitose  is  a  sugar  which  forms  20  per  cent  of  ''honey  dew"  secreted 
on  the  leaves  of  various  trees  and  also  occurs  in  larchmanna. 

Tetrasacchaeids. — Stachyose,  C24H42O20,  is  a  very  sweet  sugar.  It 
is  a  dextrorotatory,  and  can  be  hydrolyzed  into  dextrose,  levulose  and 
galactose.  It  is  obtained  in  abundance  from  the  tubers  of  Stachys 
tuberifera,  which  is  made  up  of  from  14  to  19  per  cent.  Further  infor- 
mation pertaining  to  roots  and  tubers  will  be  found  in  Chapter  XI. 

COLLOIDAL  POLYSACCHAEIDS. — Under  this  classification  belongs  the 
amylose  group  w^hich  consist  of  carbohydrates  with  more  than  three  mole- 
cules of  monosaccharids  or  hexoses  linked  together  into  a  condensation 
product.  They  are  all  uncrystallizable,  nondiffusible  and  insoluble  in 
alcohol ;  some  dissolve  in  water,  others  swell  and  become  gelatinous,  while 
a  few  are  unchanged.  The  members  of  this  group  which  are  of  the 
greatest  importance  in  nutrition  are: 


Starch 

Malto  Dextrin 

Dextrin 

Cellulose 

Glycogen 

Inulin 

Lichenin 

Pectose  bodies 

On  hydrolysis  polysaccharids  split  forming  dextrins,  disaccharids  and 
monosaccharids;  their  general  composition  is  indicated  by  (CeHjoOg)!!, 
which  means  that  the  molecules  are  made  up  of  an  unknown  multiple  of 
(CgHioOg),  the  constitution  being  unknown. 

Starch,  (CqK-^o^o)^)  which  is  very  widely  distributed  in  the  vegetable 
kingdom,  is  found  chiefly  in  the  seeds  of  cereals  and  leguminose,  as  weU 
as  in  the  roots,  stems  and  seeds  of  nearly  all  plants.  It  is  of  great  impor- 
tance as  a  constituent  of  many  food  materials,  and  as  the  source  of  dex- 
trin, maltose  and  commercial  glucose,  and  many  fermentation  products. 


90  PKOXIMATE    PKINCIPLES    OF    FOOD 

Starch  is  found  stored  in  the  seeds,  roots,  tubers,  bulbs,  and  sometimes  in 
the  stems  and  leaves  of  plants.  It  constitutes  nearly  three-quarters  of  the 
solid  matter  of  the  ordinary  cereal  grains  and  at  least  three-fourths  of  the 
solids  of  mature  potatoes.  Starch  occurs  in  distinct  unchanged  granules 
which  differ  in  structure  and  size  so  that  in  most  cases  the  source  of 
starch  may  be  determined,  as  different  plants  furnish  different  forms  and 
sizes  of  granules.  Starch  granules  are  scarcely  affected  by  cold  water; 
on  warming  they  absorb  water  and  swell,  finally  passing  into  a  condition 
of  colloidal  solution  or  ^ ^starch  paste.'  If  cereal  flour  be  made  into  a 
dough,  the  softened  mass  may  now  be  rubbed  on  a  sieve  under  a  current 
of  cold  water  which  washes  out  the  starch,  while  cellular  fibrous  matter 
remains  on  the  sieve;  the  starch  deposits  slowly  from  the  washings,  and 
is  further  purified  by  treating  it  with  water  containing  a  small  amount 
of  caustic  alkali.  Starch  forms  white,  amorphous,  tasteless  masses,  which 
are  peculiarly  slippery  to  the  touch  and  easily  converted  into  a  powder; 
it  is  insoluble  in  cold  water,  alcohol  and  ether ;  when  boiled  with  water  it 
yields  a  white  jelly  which  cannot  be  broken  up  as  a  true  solution,  but  is  a 
suspension  of  the  swollen  starch  particles.  When  treated  with  hydro- 
chloric acid  in  strength  of  from  7  to  10  per  cent,  in  cold  water  or 
very  moderate  heat  more  or  less  hydration  occurs  with  the  production 
of  soluble  starch.  On  further  hydration,  starch  gives,  first,  mixtures  of 
dextrin  and  maltose,  and  finally  glucose  only  as  an  end  product.  When 
brought  into  contact  with  the  saliva,  the  starch  of  foods  is  hydrolyzed  by 
the  ptyalin  with  the  formation  of  dextrin  and  maltose ;  a  similar  hydroly- 
sis is  effected  by  amylopsin,  the  starch-splitting  enzyme  of  the  pancreatic 
juice. 

Dextrin,  (CgHioOg)!!,  is  formed  by  the  hydrolysis  of  starch.  Small 
amounts  of  dextrin  are  found  in  resting  and  larger  amounts  in  germinat- 
ing cereals.  Malt  is  made  by  seeping  barley  in  water  until  it  germi- 
nates, and  then  drying  it.  During  acid  hydrolysis,  dextrin  is  formed  as 
an  intermediate  product  between  starch  and  maltose.  Dextrin  is  a  color- 
less or  slightly  yellowish,  amorphous  powder  resembling  gum-arabic  in 
some  respects ;  it  is  soluble  in  water,  does  not  reduce  alkaline  copper  solu- 
tion, and  the  erythrodextrin  is  colored  light  wine  red  by  iodin.  It  is 
extensively  used  in  mucilage  as  a  substitute  for  gum-arabic.  According 
to  one  observer,  the  complete  hydrolysis  of  dextrin  yields  glucose  as  the 
sole  product. 

Glycogen,  (C6Hio05)n,  or  animal  starch,  is  found  exclusively  in  ani- 
mals. It  occurs  in  the  liver,  the  white  blood  corpuscles,  in  many  embry- 
onic tissues,  and  in  muscular  tissue.    In  addition  to  its  occurrence  in  ani- 


CARBOHYDRATES  91 

mills,  it  takes  the  place  of  starch  as  reserve  carbohydrate  in  fungi  and 
other  forms  of  plant  life  not  provided  with  chlorophyll  apparatus.  Pure 
glycogen  is  a  white,  starch-like,  amorphous  substance  insoluble  in  alcohol. 
It  forms  an  opalescent  solution  with  water,  gives  a  port  wine  color  with 
iodin,  and  by  hydrolysis  is  converted  into  glucose. 

Glycogen  occurs  in  the  lower  as  well  as  in  the  higher  animals,  and  in 
all  parts  of  the  body,  but  is  especially  abundant  in  the  liver,  where  it  is 
found  deposited  in  the  cell  substance  but  not  in  the  nucleus.  It  is  dis- 
tinguished from  starch  by  the  property  of  swelling  up  and  being  appar- 
ently dissolved  in  cold  water.  The  solution,  however,  is  never  clear,  but 
is  opalescent  and  indilfusible.  In  this  respect  it  resembles  the  gummy 
colloid  carbohydrates,  such  as  dextrin,  arabin  and  bassorin.  It  is, 
however,  more  complex  than  the  dextrin,  as  the  latter  is  obtainable  by 
the  decomposition  of  glycogen.  The  storage  of  glycogen  in  the  body  is 
promoted  by  rest  as  well  as  by  liberal  feeding.  The  stored  glycogen  is 
used  up  rapidly  during  active  muscular  work.  The  amount  of  glycogen 
in  the  liver  depends  to  a  great  extent  upon  the  condition  of  nutrition  of 
the  animal. 

Lichenin,  (C6Hio05)n+H20,  is  a  peculiar  starch  found  only  in  Ice- 
land moss  and  algae.  It  is  not  soluble  in  cold  water,  but,  like  ordinary 
starch,  it  swells  up  in  hot  water,  and  forms  a  jelly  on  cooling.  It  is  im- 
pervious to  diastatic  ferments,  such  as  ptyalin  and  amylopsin;  but  it 
yields  dextrose  when  boiled  with  dilute  acids. 

Maltodextrins  exist  in  malted  cereals  and  other  food  substances,  being 
produced  from  starch  by  the  action  of  malt  enzyme.  Maltodextrins  are 
more  soluble  in  alcohol  than  dextrin,  and  they  have  an  apparent  composi- 
tion of  maltose,  34.6  per  cent,  and  dextrin,  65.4  per  cent.  Maltodextrin 
is  very  slowly  diffusible,  but  passes  through  a  septum  unaltered.  Accord- 
ing to  Herzfeld,  the  maltodextrins  are  intermediate  substances  between 
achroodextrin  and  maltose,  the  latter  being  fermentable  by  ordinary 
yeast,  while  the  maltodextrins  are  not  fermented  by  it. 

Cellulose,  {QJl-^ff)^)n,  is  a  carbohydrate  or  a  group  of  carbohydrates 
of  complex  character.  It  constitutes  the  fundamental  material  of  which 
the  cellular  membrane  of  vegetables  is  built  up,  and  forms,  therefore,  the 
largest  portion  of  the  solid  parts  of  every  plant ;  it  is  well  adapted  to  this 
purpose  on  account  of  its  insolubility  in  water  and  most  other  solvents, 
and  its  tough  and  flexible  nature.  Some  parts  of  vegetable  matter,  for 
instance,  cotton,  hemp  and  flax,  are  nearly  pure  cellulose.  Cellulose  is 
insoluble  in  water,  ether,  alcohol  and  dilute  acids  and  alkalies,  but  dis- 
solves in  an  ammoniacal  solution  of  cupric  oxid.       In  the  alimentary 
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canal  of  man  it  resists  the  action  of  ptyalin  and  amylopsin,  but  undergoes 
partial  decomposition  under  the  influence  of  bacterial  enzymes  with  the 
production  of  methane  and  carbon  dioxid. 

Inulin  (C36H62O31)  is  a  starch-like  substance  in  solution  in  the  sap 
sap  of  many  plants,  but  especially  in  tubers  of  dahlia,  Jerusalem  arti- 
choke and  potato,  roots  of  chicory,  dandelion  and  lichens.  It  is  obtain- 
able from  these  sources  as  a  white  powder  consisting  of  spheroidal  crys- 
tals, soluble  in  hot  water,  sparingly  soluble  in  cold  water.  It  stands  in 
the  same  relation  to  levulose  as  starch  does  to  dextrose.  Inulin  is  not 
readily  acted  upon  by  the  enzymes;  diastase  has  little  influence  over  it; 
ptyalin  and  amylopsin  do  not  convert  it  into  sugar;  it  is,  however,  con- 
verted into  sugar  by  the  action  of  dilute  acids  and  is  probably  digested. 
Although  inulin  is  readily  hydrolyzed  to  levulose  by  acids,  it  is  not  at- 
tacked by  the  saliva  or  pancreatic  juice.  Sandmeyer(ll),  after  feeding 
80  grams  of  inulin  to  a  diabetic  dog,  recovered  46  grams  in  the  feces,  and 
Mendel  and  E'akaseko(12)  found  that  little  if  any  glycogen  resulted  from 
feeding  inulin  to  a  rabbit.  Mendel  and  Mitchell (13)  injected  inulin  in 
the  peritoneum  of  a  rabbit  and  recovered  most  of  it  in  the  urine. 

Pectose  Bodies  are  found  in  most  fruits,  in  a  few  roots,  and  in  some 
vegetables.  They  are  peculiar  substances  which  under  certain  conditions 
cause  fruit  juices  to  gelatinize.  Their  constitution  and  composition  can- 
not very  well  be  ascertained  because  they  cannot  be  separated  from  the 
associated  cellulose  without  disorganizing  them  or  changing  their  sub- 
stance. The  subject  has  been  treated  at  some  length  in  Chapters  XI  and 
XIII,  to  which  the  reader  is  referred.  Pectose  is  insoluble  in  water, 
alcohol  and  ether,  but  it  is  converted  by  the  digestive  juices  and  acids 
into  pectin,  which  is  soluble  in  water.  Pectin  is  the  chief  substance  in 
fruit  and  vegetable  jellies.  The  nutritive  value  of  pectin  and  pectose 
bodies  is  probably  about  the  same  as  that  of  starch.  The  pectins  are  con- 
sidered by  some  authorities  to  bear  the  same  relation  to  pentoses  as  dex- 
trins  do  to  hexoses. 

HYDROCARBONS 

Hydrocarbon  derivatives  of  various  kinds  occur  in  foodstuffs.  They 
contain  carbon,  hydrogen,  usually  some  oxygen,  but  ordinarily  no  nitro- 
gen, phosphorus  or  sulphur  as  essential  ingredients,  though,  as  we  shall 
see,  they  enter  into  various  combinations  with  compounds  of  these  ele- 
ments. The  amount  of  oxygen  in  the  fats  which  make  up  an  important 
portion  of  this  group  is  relatively  small,  leaving  their  combining  capacity 
with  oxygen  high.     This  fact  gives  them  a  fuel  value  double  that  of 
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either  proteins  or  carbohydrates  and  enables  them  to  supply  a  correspond- 
ingly large  energy  vahie  to  the  animal  economy. 

Classification  of  Hydrocarbons. — ^Hydrocarbon  derivatives  form  the  bulk 
of  fat,  butter,  suet,  oils  and  other  fatty  substances.  While  carbohydrates 
are  chemically  hydrocarbon  derivatives,  their  distinctive  chemical  com- 
position and  their  physiological  importance  render  it  convenient  to  de- 
scribe them  as  a  distinct  group. 

TERPENES. — Relatively  few  of  the  compounds  of  carbon  and  hydrogen 
without  oxygen  appear  in  foods.  Among  the  volatile  or  essential  oils, 
however,  are  found  a  number  of  terpenes  of  the  composition  CioH^y. 
These  include  <i-limonene,  in  lemon,  kiimmel  (caraway),  dill  and  celery; 
Or  and  (f/-terpinenes  in  cardamon;  phellandrene  in.  fennel;  carvone  in 
kiinunel  and  dill;  and  camphene  in  ginger. 

ALCOHOLS. — When  one  or  more  of  the  H  atoms  of  the  hydrocarbon 
molecule  is  replaced  by  OH  radicals,  we  have  an  alcohol,  the  particular 
alcohol  being  determined  by  the  nature  of  the  original  hydrocarbon,  as 
well  as  the  number  and  position  of  the  replacing  hydroxyls.  Ethyl  alco- 
hol (C2H5OH)  occurs  in  small  quantities  in  muscle  and  other  organic 
substances,  but  is  chiefly  the  product  of  alcoholic  fermentation  of  sugars. 

It  has  been  well  said  that  the  chief  effect  of  food  is  nutritive,  while 
the  most  important  action  of  ethyl  alcohol  is  pharmacodynamic.  Never- 
theless, alcohol  so  resembles  food  in  its  nutritive  effects  and  is  so  com- 
monly ingested  as  a  dietary  ingredient  and  as  a  beverage,  that  we  must 
include  it  here.  Whether  it  is  in  fact  a  food  depends  upon  the  definition 
of  food.  Under  the  definition  laid  down  by  the  Federal  Food  and  Drugs 
Act,  June  30,  1906,  it  is  so  classified.  Aside  from  ethyl  alcohol  we  must 
mention  the  higher  alcohols  which  are  more  toxic  the  higher  we  ascend  in 
ihe  series.  Fusel  oil  includes  propyl,  butyl,  amyl  and  hexyl  alcohols  and 
is  a  common  accompaniment  of  ethyl  alcohol  when  the  sugar  used  for 
fermentation  is  derived  from  starch.  Amylic  alcohol  is  an  important  con- 
stituent of  the  oil  of  mustard  and  horseradish. 

Triatomic  Alcohols. — Glycerin  is  a  triatomic  alcohol  which,  being 
joined  to  fatty  acids,  forms  neutral  fats  such  as  stearin,  olein,  etc.  Glyc- 
erin is  a  product  in  the  digestion  of  fat  and  a  by-product  in  the  manu- 
facture of  soap.  There  is  no  satisfactory  evidence  of  the  value  of 
glycerin  as  a  foodstuff,  but  there  is  evidence  to  show  that  any  excess  of 
glycerin,  which  is  consumed  for  therapeutic  purposes,  is  not  utilized  in 
the  system,  but  is  decomposed  into  propionic  and  formic  acids. 

Cyclic  Alcohols. — This  classification  includes  the  sterols.  These, 
in  general,  belong  to  the  terpene  group,  are  solid  at  ordinary  temperature 
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and  yield  terpenic  acids  on  oxidation.  They  include  cholesterol,  isocholes- 
terol,  stercorin  (koprosterin),  phytosterol,  cetyl  alcohol,  myricyl  alcohol, 
etc.  Menthol  may  well  be  included  in  this  group.  In  all  probability 
some  of  the  cholesterol  of  food  is  absorbed,  but  whether  it  is  of  service  to 
the  body  is  not  clear.  Since  herbivora  contain  cholesterol,  not  phytosterol 
which  they  ingest,  it  seems  that  the  body  has  the  capacity  of  forming  its 
own  cholesterol,  leaving  it  uncertain  whether  that  absorbed  from  food 
furnishes  any  of  the  body  supply. 

Inositol^  a  hydroxy-derivative  of  hexahydrobenzene,  is  included  with 
the  cyclic  alcohols  as  a  matter  of  convenience  and  is  mentioned  because 
it  is  found  in  heart  muscle. 

ALDEHYDS. — Acetic  aldehyd  occurs  in  new  spirits,  especially  when 
distillation  is  intermittent.  Citrol,  an  acylic  terpene  of  the  formula 
C9H15.CHO,  is  of  food  interest  because  of  its  presence  in  the  oil  of 
citrous  fruits,  such  as  lemon,  lime,  orange,  etc.  Cyclic  aldehyds  are 
found  in  essential  oils,  as  cinnamic  aldehyd  in  oil  of  cinnamon.  Furfurol 
and  possibly  other  aldehyds  of  this  type  appear  in  pot-still  spirits,  being 
formed  by  the  action  of  the  fire  (and  possibly  also  by  the  acid)  on  the 
pentose  of  the  woody  fiber  and  gum  contained  in  the  husks,  etc.,  sus- 
pended in  the  mash.  They  do  not  exist,  except  possibly  in  the  minutest 
traces,  in  "patent  spirits,"  which  is  a  point  of  distinction.  Benzaldehyd 
is  formed  from  the  glucosid  amygdalin  in  bitter  almonds,  in  cherry  laurel 
and  in  fruit  kernels.  Vanillin,  the  active  constituent  of  the  vanilla  bean, 
is  methyl  protocatechuic  aldehyd. 

ORGANIC  ACIDS.— Organic  acids  arise  by  oxidation  from  both  simple 
and  complex  compounds  of  carbon  and  hydrogen.  Those  derived  from  the 
alaphatic  series,  formula  CnH2n+2>  have  the  general  formula  CnHonOs; 
those  derived  from  the  olefins,  CnH2n,  have  the  general  formula 
CnHgn-sOg.    A  list  of  the  usual  acids  follows: 

CnHzn+iCOOH  CnHznOHCOOH 

Formic  HCOOH  Glycollic  CH2OHCOOH 

Acetic  CH3COOH  Lactic  C2H4OHCOOH 

Propionic      CzHgCOOH  CnH2n(COOH)2 

Butyric  C3H7COOH  Oxalic  acid  (C00H)2 

Valeric  C4H9COOH  Succinic  acid        C2H4(COOH)2 

Caproic  CfiHiiCOOHi  CnH2n-i(OH)  (COOH)2 

Caprylic        CyHieCOOHi  Malic  C2H30H(COOH)2 

Capric  C9H19COOH1  CnH2n-2(OH)2(COOH)2 

Laurie  CnH23COOH  Tartaric  C2H2(OH)2  (C00H)2 

Myristic         C13H27COOH  CnH2n-20H(COOH)3 

Palmitic         CisHsiCOOH  Citric  C3H4(OH)  (C00H)3 

Stearic  C17H35COOH  Aromatic  acids 

CnHjn-iCOOH  Benzoic  CeHsCCOOH) 

Oleic  CnH33COOH  Salicylic  C6H4(OH)  (COOH) 

Erucic  C21H41COOH  Gallic  C6H2(OH)3(COOH) 

Tannic  C14H10O9 
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Organic  acids  are  found  as  constituents  of  various  foodstuffs.  Some 
of  these  acids  are  formed  by  fermentation.  Others  are  present  in  fruits, 
and  in  the  process  of  ripening  are  progressively  utilized  in  the  forma- 
tion of  ethers,  aldehyds  and  carbohydrates.  Others  are  combined  to 
form  salts  of  potassium,  sodium,  calcium,  and  are  mingled  Avith  their 
phosphates,  sulphates  and  carbonates. 

Formic  /I ci<^ occurs  in  small  proportions  in  honey.  It  is  miscible  with 
water  and  alcohol,  possesses  a  pungent  odor  and  piquant  taste.  It  decom- 
poses carbonates  and  forms  salts  called  formates. 

Acetic  Acid  occurs  in  combination  with  alcohols  in  the  esters  of  essen- 
tial oils  in  many  plants  and  is  formed  in  the  fermentation  of  many  sub- 
stances by  the  enzyme  of  mycoderma  acetic,  as  in  the  manufacture  of 
vinegar,  which  is  discussed  in  the  chapter  on  beverages  and  stimulants. 
It  forms  salts  or  acetates  with  sodium,  potassium  and  other  metals.  The 
acetates  occur  normally  in  certain  vegetable  juices. 

Butyric  Acid  is  formed  by  the  fermentation  of  lactic  acid,  a  process 
known  as  butyric  fermentation,  and  to  some  extent  by  the  putrefaction  of 
proteins.  It  exists  as  butyrin  in  butter  to  the  extent  of  6  per  cent,  but 
was  not  obtained  in  a  recent  investigation  by  distillation  in  vacuo,  for 
which  reason  it  has  been  suggested  that  its  occurrence  is  due  to  decompo- 
sition of  protein  matter  remaining  in  the  butter.  The  acid  possesses  a 
pungent  and  disagreeable  smell. 

Gly collie  Acid  occurs  in  unripe  fruits  as  the  result  of  the  oxidation 
of  acetic  acid  and  is  in  turn  converted  into  glycollic  aldehyd,  which  forms 
carbohydrates  by  polymerization. 

Lactic  Acid  occurs  in  many  plant  juices.  It  is  formed  from  sugar  by 
what  is  known  as  lactic  fermentation,  which  causes  the  presence  of  this 
acid  in  sour  liquids  and  many  sour  fermented  substances,  as  in  sauer- 
kraut, etc.  It  arises  in  consequence  of  the  fermentation  of  lactose,  as  in 
the  souring  of  milk  in  cheese-making,  and  ripening  of  cream;  from  the 
fermentation  of  various  sugars,  starch  and  othcv  substances  in  the  pres- 
ence of  nitrogenous  animal  matter.  It  is  a  thick,  sour,  hydroscopic, 
colorless,  strongly  acid  liquid  and  mixes  in  all  proportions  with  water  and 
alcohol. 

Oxalic  Acid  is  widely  distributed  throughout  the  vegetable  kingdom 
either  as  oxalic  acid  or  oxalate.  In  the  chapter  on  vegetable  foods  will 
be  found  a  table  giving  the  percentage  of  oxalic  acids  in  a  great  many 
fruits  and  vegetables.  It  is  formed  from  the  oxidation  of  many  sub- 
stances such  as  glycerol,  glucose,  sucrose,  alcohol  and  fats.  It  is  also  of 
considerable  physiological  interest  in  its  origin  and  destination.     When 
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ingested  in  food,  it  circulates  into  the  animal  tissues  either  as  a  free  acid 
or  salt.  It  undergoes  oxidation  to  carhon  dioxid  and  water.  It  is  a  ques- 
tion, however,  whether  the  oxalic  acid  taken  into  the  food  is  all  excreted 
as  carbon  dioxid  and  water,  or  whether  any  of  it  is  normally  excreted 
unchanged. 

Succinic  Acid  is  a  normal  constituent  in  unripe  fruits,  especially  in 
grapes,  lettuce  and  other  vegetables,  and  occurs  in  some  animal  secre- 
tions. It  likewise  is  formed  in  the  bacterial  decomposition  of  carbo- 
hydrates and  proteins,  and  as  one  of  the  metabolic  products  of  yeast  dur- 
ing alcoholic  fermentation  of  sugar. 

Malic  Acid  occurs  in  the  juices  of  many  fruits,  as  apples,  currants, 
cherries,  grapes,  pineapples,  blackberries,  etc.  It  may  be  extracted  from 
these  fruits  or  it  can  be  prepared  synthetically.  In  combination  with 
bases  as  malates,  it  occurs  in  sweet  cherries,  apples,  rhubarb,  gooseberries, 
grapes  and  strawberries. 

Tartaric  Acid  occurs  in  the  vegetable  kingdom,  especially  in  grapes, 
and  some  other  fruits,  largely  as  acid  potassium  tartrate.  During  the  lat- 
ter stages  of  the  fermentation  of  grape-juice  a  considerable  quantity  of 
"argol"  or  crude  cream  of  tartar  is  deposited,  since  it  is  no  longer  soluble 
in  the  alcohol-containing  liquid. 

Citric  Acid  occurs  in  the  free  state  in  many  fruits,  especially  in 
lemons  and  tomatoes.  It  also  occurs  as  citrates  in  lemons,  limes,  oranges, 
quinces,  currants,  gooseberries,  strawberries,  raspberries,  cherries,  cran- 
berries, and  other  sour  fruits.  Citric  acid  is  also  constantly  present  in 
the  milk  of  man  and  other  mammals.  Citric  acid  is  absorbed  from  the 
alimentary  canal  and  partly  decomposed  and  excreted  by  the  kidneys  as 
sodium  carbonate. 

Benzoic  Acid  occurs  as  the  free  acid  in  cranberries  and  some  other 
fruits. 

Salicylic  Acid  is  reported  to  occur  as  a  methyl-ester  in  currants,  cher- 
ries, plums,  grapes,  crabapples,  strawberries,  blackberries,  raspberries, 
mulberries,  peaches,  apricots,  pineapples  and  oranges. 

Gallic  Acid  is  widely  distributed  in  vegetables,  especially  in  the  form 
of  compounds  of  tannins  with  glucosids.  It  occurs  in  tea  leaves,  nutgalls, 
claret,  etc. 

Tannic  Acid  occurs  in  gallnuts  and  in  all  kinds  of  bark,  in  coffee,  tea, 
etc.  All  tannins  are  amorphous  and  possess  strongly  astringent  proper- 
ties.    Some  are  probably  ester  compounds  of  gallic  acid  with  glucose. 

The  acids  of  oils  and  fats  will  be  described  under  their  esters. 

ESTERS.— Chemically  these  are  combinations  of  alcohol  and  acid  and 
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may  be  viewed  as  salts  of  the  acids  in  which  the  alcohol  radical  occupies 
the  position  of  the  metal  or  base  of  inorganic  salts. 

The  Volatile  Esters. — These  include  some  of  the  most  delicate 
substances,  such  as  fruit  essences  and  flavors;  also  some  of  the  essential 
oils  which  give  odor,  flavor  and  pungency  to  plants,  flowers  and  seeds. 
Of  the  volatile  esters,  or  compound  ethers,  which  also  are  used  for  artifi- 
cial flavors,  we  may  mention  ethyl  acetate,  amyl  acetate  (pear  oil),  ethyl 
butyrate  (pineapple  oil),  amyl  butyrate,  ethyl  valerate,  amyl  valerate 
(apple  oil),  ethyl  caprate  (enanthic  ether)  (grape  oil,  wine  oil,  cognac 
oil),  ethyl  pelargonate  (quince  oil),  ethyl  benzoate,  methyl  salicylate 
(wintergreen  oil,  birch  oil),  and  ethyl  salicylate. 

Most  imitation  flavors  are  a  mixture  of  such  esters  made  synthet- 
ically. Thus,  an  imitation  raspberry  flavor  may  contain  ethyl  acetate  5 
parts,  amyl  acetate  1  part,  ethyl  butyrate  1  part,  amyl  butyrate  1  part, 
ethyl  benzoate  1  part.  Such  mixtures  as  these  constitute  the  flavors  of 
many  imitation  beverages.  Among  the  natural  esters  are  also  to  be  men- 
tioned allyl  sulphid,  which  gives  the  odor  to  garlic^  and  allyl  isothiocya- 
nate,  a  constituent  of  black  mustard  seeds,  known  as  oil  of  mustard. 

Oils  and  Fats. — These  constituents  are  very  extensively  distributed 
throughout  both  the  animal  and  vegetable  kingdoms. 

Fats  exist  as  a  definite  group  of  chemical  compounds.  The  name  ap- 
plies equally  to  the  solid  and  liquid  fats.  However,  for  convenience  we 
will  refer  to  fats  that  are  liquid  at  20°  C.  as  "fatty  oil"  or  "oils,"  some- 
times called  "fixed  oils"  in  contradistinction  to  volatile  or  essential  oils. 
All  the  fats  are  practically  insoluble  in  water,  and  all  except  those  of  the 
castor  oil  group  are  sparingly  soluble  in  cold  alcohol,  but  dissolve  readily 
in  petroleum  ether  and  mix  in  all  proportions  with  light  petroleum  oil. 
All  pure  fats  are  colorless,  tasteless  and  odorless  substances,  which  ab- 
sorb on  paper,  forming  a  permanent  grease  spot.  The  taste  and  color  of 
fats  are  frequently  due  to  foreign  substances,  often  produced  by  slight 
decomposition  which  has  taken  place  in  the  fat. 

The  fatty  bodies  are  found  sparingly  in  seeds,  fruits,  and  sometimes 
in  the  leaves  and  roots  of  plants;  abundantly  in  all  animal  tissues  and 
organs,  especially  in  bone  marrow,  subcutaneous  and  intermuscular  tis- 
sues, around  the  various  organs,  and  in  the  omentum  of  the  abdominal 
cavity. 

All  true  fat^  are  esters  of  the  triatomic  alcohol  glycerin  C3H5(OH)3> 
in  which  the  three  hydrogen  atoms  of  the  hydroxyl  are  replaced  by  three 
univalent  radicals  of  the  higher  members  of  the  fatty  acids,  whose  com- 
position has  been  indicated  above.     Thus  palmitic  acid  exists  in  the  fat 


98  PKOXIMATE    PEINCIPLES    OF    FOOD 

ester  tripalmatin,  C3H5(OCi5H3iCO)3,  stearic  acid  in  tr'istearin, 
C3Hg(OCi7H35CO)3,  and  oleic  acid  in  triolein,  €3115(0017113300)3, 
these  being  the  glycerids  that  make  up  the  bulk  of  animal  fats.  The 
acids  higher  in  the  acid  series  yield  triglycerids  that  are  harder  and  with 
a  higher  melting  point. 

Mixed  triglycerids,  that  is,  compounds  of  different  acids  with  the 
same  molecule  of  glycerin,  have  been  separated  from  natural  products. 
Thus,  from  mutton  and  beef  fat  a  distearopalmitin,  a  dipalmitostearin 
and  a  dipalmito-olein  have  been  separated;  also  similar  mixed  glycerids 
from  olive  oil.  From  butter  the  mixed  triglycerid  oleopalmitobutyrin  has 
been  obtained,  and  from  cocoa  butter  mixed  triglycerids  of  oleic  and  pal- 
mitic with  stearic  or  myristic  acids,  respectively. 

Natural  fat  contains  more  than  a  single  glycerid.  In  lard  and  tallow 
the  glycerids  are  chiefly  those  of  stearic  and  palmitic  acid,  but  some  olein 
is  also  present.  Thus,  cooling  lard  to  the  point  of  crystallization  and  ex- 
pressing the  mother  liquid  yields  lard  oil,  consisting  largely  of  triolein. 
Also  from  beef  tallow  oleo  oil  is  similarly  obtained  and  constitutes  the 
oleomargarin  of  artificial  butter.  Natural  fats  are  not  pure  glyceride, 
but  hold  in  solution  sterols  such  as  cholesterol,  phospholipins  such  as 
lecithin,  and  other  constituents  in  small  amounts. 

Animal  fat  consists  both  of  fat  absorbed  from  the  food  ingested,  and 
also  of  that  formed  from  carbohydrates  and  from  proteins  of  the  food. 
The  character  of  the  fat  of  warm-blooded  animals  appears  to  vary  with 
its  position  in  the  body.  One  observer  concludes  from  experiments  with 
pigs  "that  the  thick  layer  of  subcutaneous  fat  on  the  back,  where  it  was 
not  thoroughly  warmed  by  the  blood  and  therefore  had  an  average  tem- 
perature considerably  below  that  of  the  interior  of  the  body,  was  richer 
in  unsaturated  compounds,  and  had  a  lower  melting  point  than  the  fat 
of  the  body  as  a  whole ;  while  the  fat  from  animals  which  has  been  grown 
in  a  warm  room  or  which  had  been  heavily  jacketed  so  that  the  skin  was 
not  exposed  to  the  air,  contained  nearly  the  same  composition  as  in  the 
interior  of  the  body." 

Fat  from  herbivora  as  a  rule  is  much  harder  than  fat  from  carnivorouf 
animals,  and  land  animals  have  a  harder  fat  than  the  marine  animals, 
and  as  a  rule  all  warm-blooded  animals  possess  fats  which  are  decidedly 
harder  than  those  found  in  fish.  Butter  fat  differs  from  body  fat  in  con- 
taining fat  acids  of  lower  molecular  weight,  especially  those  fairly  char- 
acteristic of  butter. 

The  acids  entering  into  the  formation  of  glycerin  esters  of  oils  and 
fats  present  the  following  features : 
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Caproic  acid  occurs  as  a  glycerid  to  the  extent  of  about  1.2  per  cent 
in  butter,  and  also  in  cocoanut  and  palmnut  oils. 

Caprylic  and  capric  acids  are  in  the  gljcerids  of  cow's  and  goat's 
milk,  and  also  of  cocoanut  and  palm  oil. 

Laurie  acid  abounds  as  a  glycerid  or  fat  in  the  seeds  of  the  spice  bush. 
It  is  sparingly  present  in  butter,  cocoanut  fat,  palm  fat  and  some  other 
vegetable  oils. 

Myristic  acid  is  obtained  from  nutmeg  butter,  cocoanut  oil,  and  oc- 
curs in  traces  in  butter,  lard,  wool-fat  and  cod-liver  oil. 

Palmitic  acid  occurs  abundantly  in  most  fats,  both  animal  and  vege- 
table, including  many  fatty  oils.  It  is  also  found  in  several  waxes,  for 
instance,  beeswax  and  spermaceti.  The  general  properties  of  palmitic 
acid  are  nearlv  identical  with  those  of  stearic  acid,  but  it  has  a  lower 
melting  point. 

Stearic  acid  occurs  as  a  glycerid  most  abundantly  in  the  solid  fats, 
chiefly  tallow,  and  especially  in  vegetable  fats  having  high  melting 
points,  such  as  shea  butter  and  cocoa  butter.  It  is  hard,  white,  somewhat 
glossy,  solid,  without  odor  or  taste. 

Salts  of  the  various  acids  described  may  be  found  by  saponification 
of  the  fats  with  caustic  alkali.  These  constitute  the  soaps.  The  alkali 
palmitates  and  stearates  are  soluble  in  water,  but  on  dilution  of  their 
solution  undergo  hydrolytic  dissociation.  It  is  the  liberation  of  alkali  by 
this  action  that  gives  to  these  soaps  their  particular  cleaning  value.  In 
the  presence  of  calcium  and  magnesium  salts  in  water  (hard  waters),  the 
formation  of  the  insoluble  calcium  and  magnesium  soaps  occurs  and  the 
cleansing  action  of  the  soaps  is  not  realized. 

Hypogeic  acid  occurs  in  peanut  and  in  maize  oil  as  a  glycerid.  Its 
isomere,  palmitoleic  acid,  forms  about  6  per  cent  of  the  acids  of  cod-liver 
oil.  These  are  unsaturated  acids,  and  accordingly  their  glycerids  are  not 
as  hard  as  the  corresponding  saturated  compounds.  Like  oleic  glycerids, 
at  ordinary  temperature  they  are  oils. 

Oleic  acid  is  unsaturated,  in  virtue  of  which  it  is  oxidized  more  read- 
ily than  the  corresponding  saturated  acids.  It  also  readily  forms  addi- 
tion products.  It  is  a  constituent  of  most  fats,  especially  of  fat  oils, 
and  as  a  rule  is  in  larger  quantities  than  any  other  fatty  acid.  Olive  oil, 
for  instance,  is  mainly  oleate  of  glycerin.  Pure  oleic  acid  is  colorless  and 
odorless,  insoluble  in  water,  and  soluble  in  alcohol  to  a  greater  extent  than 
the  saturated  acids.     It  crystallizes  near  the  freezing  point. 

Erucic  acid  has  been  found  to  be  present  in  cod-liver  oil. 

Waxes. — These  are  esters  of  sterols  and  fatty  acids,  the  natural  wax 
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frequently  containing  more  or  less  free  sterols.  They  contain  no  glycer- 
ids.  Beeswax,  carnauba  wax,  spermaceti  and  sperm  oil  are  familiar  ex- 
amples.    They  saponify  with  difficulty  and  have  little  food  value. 

Esters  of  cholesterol  and  isocholesterol  occur  in  certain  fats  of  animal 
origin,  but  they  have  been  little  studied.  They  are  believed  to  exist  in 
wool-fat,  while  a  silicic  ester  has  been  found  in  the  feathers  of  birds. 

Phospho  Esters. — Phytic  acid.  This  is  a  phosphoric  acid  ester  of 
i-inositol  and  occurs  in  the  outer  covering  of  various  cereals,  usually  as 
the  calcium  and  magnesium  salts,  known  by  the  name  phytin.  It  is  this 
substance  which  gives  to  whole  cereals  their  laxative  action  quite  as  much 
or  more  than  the  mere  mechanical  or  frictional  effect  of  the  bran.  The 
presence  of  sufficient  phytin  in  food  does  much  to  prevent  the  develop- 
ment of  the  constipation  habit.     It  is  not  a  lipin. 

PhospJiolipins.- — These  are  esters  that  on  hydrolysis  yield  both  phos- 
phoric and  fatty  acids.  The  most  important  substances,  from  the  point 
of  view  of  food,  are  the  lecithins.  These  are  glycerids  in  which  two  of  the 
hydroxyl  hydrogens  are  replaced  with  fatty  acid  radicals,  and  the  third 
with  phosphoric  acid,  which  in  turn  has  one  free  acid  hydroxyl  and  has 
the  hydrogen  of  the  third  replaced  by  the  base  cholin.  It  will  be  seen 
that  in  this  complicated  structure  different  lecithins  exist  according  to  the 
nature  of  the  fatty  acids  entering  into  the  composition. 

Lecithins  are  important  ingredients  of  egg  yolk,  and,  indeed,  occur 
in  every  living  cell.  These  substances  play  an  important  part,  together 
with  certain  sterols,  in  determining  the  physical  processes  of  cells,  thus 
contributing  in  an  important  way  to  vital  phenomena ;  and  they  are  fur- 
ther concerned  in  the  phenomena  of  immunity,  so  they  are  of  considerable 
importance  in  the  dietary.  Other  phospholipins  are  cephalin  of  brain 
tissue,  cuorin  of  beef -heart,  sphingomyelin  of  brain  tissue,  and  jecorin 
of  liver. 

GlycoUpins. — These  substances,  also  termed  cerebrosids,  yield  on  hy- 
drolysis fatty  acids  and  a  carbohydrate,  generally  glucose  or  galactose. 
They  contain  nitrogen  but  no  phosphorus.  Cerebrin  of  nerve  tissue  is  a 
familiar  example.  They  are,  of  course,  of  particular  physiological  value 
to  the  function  of  animal  tissues  in  which  they  exist,  but  it  is  not  known 
that  they  add  to  food  value  or  are  of  any  food  importance  other  than  their 
small  energy  equivalent. 

SulphoUpins. — These  are  fatty  substances  that  yield  on  hydrolysis 
fatty  acids  and  sulphuric  acid;  the  term  is  applied  to  little  understood 
substances  of  brain  tissue.  It  is  not  known  that  they  have  any  particular 
food  value. 
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Aminolipins. — These  substances  contain  aminonitrogen  and  fatty 
acids  but  no  phosphorus.  Krinosin  and  bregenin  are  names  applied  to 
substances  of  this  nature  obtained  from  brain  tissue,  but  their  exact  com- 
position and  their  physiological  or  possible  food  importance  remain  to  be 
investigated. 

The  terpenes,  sterols,  fatty  acids,  volatile  esters,  oils,  fats,  waxes,  and 
the  various  lipins  above  indicated  have  been  grouped  under  the  term 
lipoids,  on  account  of  their  solubility  in  alcohol-ether  and  their  greasy 
feel  and  insolubility  in  water.  Owing  to  the  evident  unsuitability  of  this 
term,  the  name  lipins  has  been  recently  proposed.  While  this  grouping 
is  convenient,  the  properties  enumerated  do  not  aiford  any  fundamental 
basis  for  classification,  and  the  grouping  based  upon  chemical  structure 
as  employed  in  this  chapter,  we  believe  is  on  the  whole  to  be  preferred. 

It  is,  of  course,  recognized  that  any  classification  of  substances  that 
present  so  many  structural  features  as  the  organic  foodstuffs  is  somewhat 
arbitrary,  since  the  same  substance  will  present  features  that  justify  its 
inclusion  under  more  than  one  head.  If  this  is  kept  in  mind  and  it  is 
recalled  that  the  position  of  particular  substances  may  be  on  this  account 
to  some  extent  optional,  much  confusion  will  be  avoided. 


PIGMENTS 

We  have  not  attempted  to  include  the  food  pigments  in  the  scheme  of 
classification,  since  their  diversity  of  composition  would  compel  us  to  dis- 
tribute them  rather  widely.  However,  hemoglobin  is  mentioned  under 
the  chromoproteins  and  it  is  suggested  that  chlorophyll  is  closely  related 
to  it.  The  work  of  Willstatter  and  his  pupils  confirms  the  close  analogy 
between  hemoglobin  and  chlorophyll,  though  differences  are  found  in  de- 
tails.   Four  pigments  are  found  in  the  chloroplasts  of  the  leaf; 


Chlorophyll  (a) 

C,,-E,,0,-N,-Mg 

Chlorophyll  (b) 

C,,H,„0,N,Mg 

Carotin 

04oH5e 

Xanthophyll 

C40H56O2 

To  this  may  be  added  lycopin,  a  pigment  which  is  isomeric  with  carotin 
of  the  tomato. 

The  former  term  anthroxanthins  has  been  recently  reapplied  to  pig- 
ments, usually  called  flavones  and  xanthones,  that  constitute  the  yellow 
pigments  of  plants.     Of  these,  apigenin  occurs  in  parsley  and  celery  in 
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the  form  of  the  glucosid,  apiin,  and  quercitin  is  present  in  the  skin  of 
onions. 

Closely  related  are  the  anthocyans,  red,  violet  and  blue  pigments  of 
blossoms  and  fruits.  Chemically,  these  are  glucosids.  The  pigments  of 
cranberry  and  blue  grapes  belong  to  this  class. 

In  the  animal  kingdom  the  yellow  or  orange-red  pigments  are  grouped 
under  the  term  lipochromes.  These,  however,  are  closely  related  to  the 
vegetable  pigments.  Thus  lutein  of  egg  yolk  is  isomeric  with  xantho 
phyll.  The  yellow  pigment  of  butter  fat  is  mainly  carotin,  though  xan- 
thophyll  is  also  present.  These  pigments  are  taken  up  from  the  food  of 
those  animals,  the  cow  eating  the  green  grass,  absorbing  the  carotin  and 
xanthophyll,  holding  the  former  by  its  combination  with  albumin  in  the 
blood  serum  while  the  latter  is  eliminated  through  the  bile,  the  carotin 
together  with  a  little  xanthophyll  eventually  finding  its  way  into  the  milk. 


INORGANIC  SALTS 

Foodstuifs  contain  a  notable  quantity  of  mineral  matter  which  re- 
mains as  ash  when  the  foodstuff  is  burnt.  It  is  to  be  understood,  how- 
ever, that  within  the  vegetable  and  animal  tissues  the  salts  are  to  a  con- 
siderable extent  in  some  form  of  association  with  the  organic  constituents, 
such  as  loose  protein  salt  combinations  or  existing  as  a  part  of  the  organic 
constituents,  as  sulphur  and  phosphorus  of  the  protein  molecule  and 
bases  combined  with  organic  acids.  The  ash,  therefore,  does  not  ade- 
quately indicate  the  food  contents  of  saline  matter  simply  as  such.  These 
very  associations  indicate  how  valuable  the  ash  constituents  are  to  the 
system  and  hence  what  actual  importance  they  are  in  the  dietary. 

Eight  elements,  namely,  sodium,  potassium,  magnesium,  calcium, 
iron,  chlorin,  sulphur  and  phosphorus,  remain  either  wholly  or  in  part 
in  the  ash  of  foodstuifs.  Of  these,  sodium  and  chlorin  exist  in  the  food 
largely  as  sodium  chlorid.  By  the  use  of  salt  it  seems  that  the  variety  of 
food  products  that  may  be  eaten  is  extended.  Potassium  occurs  in  animal 
food  largely  as  phosphate  and  in  vegetables  in  organic  combination. 
Magnesium  and  calcium  occur  in  both  animal  and  vegetable  food  both  in 
organic  combination  and  as  phosphates.  Sulphur  in  food  is  found  very 
largely  as  a  constituent  of  organic  compounds,  especially  certain  proteins, 
as  egg  albumin,  myosin  of  muscle,  and  gliadin,  although  sulphates  are 
found,  particularly  in  certain  waters.  Phosphorus  occurs  as  phosphates 
and  in  a  considerable  variety  of  organic  combinations  of  which  we  have 
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elsewhere  noted  nucleic  acid  of  the  cell  nucleoproteins,  phytin  or  bran  and 
lecithins  of  cellular  tissue  in  general  and  the  tissues  of  the  nervous  sys- 
tem in  particular.  Iron  is  an  important  constituent  of  food,  appearing 
chiefly  in  organic  combinations.  Milk  contains  iron,  but  in  insufficient 
amounts  for  a  growing  body,  while  it  is  relatively  abundant  in  lean  beef, 
eggs,  oatmeal,  whole  wheat,  beans,  cabbage,  spinach  and  some  other  foods. 
The  average  dietary  contains  from  12  to  19  milligrams  per  person  per 

day. 

An  important  phase  of  the  inorganic  foodstuffs  is  the  balance  of  acid- 
forming  and  base-forming  elements  in  the  dietary.  This  is  determined 
by  calculating  the  equivalent  in  acid  of  the  chlorin,  sulphur  and  phos- 
phorus of  the  diet  and  the  equivalent  in  alkali  of  the  sodium,  potassium, 
magnesium  and  calcium;  the  excess  of  acid  or  alkali  indicating  whether 
the  food  is  an  acid-forming  or  a  base-forming  diet.  Acid-forming  foods 
are  meats  and  eggs  and  to  a  lesser  extent  grains,  while  base-forming  foods 
are  the  vegetables.  A  diet  in  which  the  acid-forming  elements  predomi- 
nate is  less  desirable  than  one  in  which  there  is  a  balance  or  even  a  pre- 
dominance of  base-forming  elements. 


WATER 

For  the  value  of  water  and  its  uses  in  human  economy,  see  Chapter 
X ;  for  the  value  of  water  as  a  beverage  and  its  various  classifications,  see 
this  Volume,  Chapter  XYI,  Beverages  and  Stimulants. 
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CHAPTEE   IV 

DESCRIPTIO]^    AND     rUNCTIO:N^S     OF     THE     DIGESTIVE 

OKGANS 

S.  W.  S.  Toms,  Ph.G.,  M.D. 


The    Alimentary    Tract:    Mouth — Palate,    Teeth;     Pharynx;    Esophagus; 

Stomach;  Duodenum;   Small  Intestine;   Large  Intestine. 
Digestive  Glands:    Salivary   Glands — Parotid,   Submaxillary,    Sublingual; 

Pancreatic  Gland;   The  Spleen;   The  Liver;  The  Gall-bladder. 


Primarily,  digestion  has  for  its  aim  the  separation  of  the  elements  of 
growth  and  repair  from  the  aliments  and  their  preparation  for  absorption 
into  the  circulation.  The  process  is  very  complex,  and  is  both  mechanical 
and  chemical;  it  is  accomplished  mainly  through  the  action  of  certain 
soluble  ferments  known  as  enzymes. 

Digestion  is  an  essential  factor  in  the  life  of  every  form  of  animal 
organism,  no  matter  how  low  we  descend  in  the  zoological  scale.  Some 
form  of  digestion  is  essential  in  all,  since  they  must  be  able  to  take  from 
their  environment  those  elements  that  are  requisite  for  their  maintenance. 
They  must  give  off  those  substances  termed  waste  products  that  are  no 
longer  fit  for  use,  for  only  by  this  exchange  of  elements  outside  of  their 
own  organisms  are  they  able  to  live,  grow,  and  reproduce  their  kind. 

In  the  higher  grades  of  animal  life,  as  in  the  articulata,  the  number 
of  organs  concerned  in  the  process  of  digestion  is  increased,  and  in  direct 
ratio  the  various  stages  and  acts  in  the  whole  process  are  multiplied.  In 
their  bodies  is  a  long  tube-like  canal,  in  some  parts  much  folded  on  itself, 
containing  along  its  course,  both  inside  and  out,  numerous  glands  which 
pour  out  secretions  into  the  canal  to  aid  in  the  process  of  digestion.  At 
the  beginning  of  this  tube  there  is  an  apparatus  for  crushing  or  grinding 
the  solid  parts  of  food.  Closely  associated  with  this  apparatus  are  the 
terminal  or  absorbing  structures  of  the  system  of  blood-and-chyle  vessels 
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which  assimilate  and  absorb  the  digested  food  products,  thus  permitting 
them  to  circulate  throughout  the  entire  body,  carrying  energy  and  nutri- 
tion to  every  part  of  the  organism. 

In  the  vertebrata  are  found  modifications  and  many  forms  of  devel- 
opment dependent  upon  the  class  of  animal,  and  even  in  mammalia  there 
are  distinct  differences,  as  the  animal  may  belong  to  one  of  the  following 
classes — insectivorous,  carnivorous,  herbivorous,  or  omnivorous. 


THE  DIGESTIVE  APPARATUS  OF  MAN 

Man  is  the  highest  in  the  scale  of  mammals.  He  is  omnivorous,  and 
his  digestive  apparatus  is  adapted  to  disintegrate  and  prepare  for  diges- 
tion, assimilation  and  absorption  all  kinds  of  food.  In  man  the  digestive 
apparatus,  termed  the  alimentary  tract,  includes  the  mouth,  teeth,  stom- 
ach, duodenum,  the  small  and  large  intestine  and  the  glands  of  the  ali- 
mentary system. 

THE   ALIMENTARY   TRACT 

The  alimentary  tract  in  man  is  a  convoluted  tube  beginning  at  the 
mouth  and  ending  with  the  anus,  composed  of  mucous  membrane,  muscu- 
lar tissue  and  serous  membrane.  The  first  lines  the  canal  throughout  its 
entire  length,  giving  to  the  interior  its  characteristic  smoothness  and  red- 
ness. In  this  lining  membrane,  in  the  submucosa,  are  located  some  of  the 
glands  whose  secretion  aids  digestion.  The  alimentary  canal  measures 
from  thirty  to  thirty-two  feet  in  length  and  may  be  divided  into  several 
parts;  (a)  the  mouth,  including  the  teeth,  (b)  the  pharynx,  (c)  esopha- 
gus, (d)  stomach,  (e)  duodenum,  (f)  jejunum,  (g)  ileum,  (h)  colon, 
(i)  anus. 

The  Mouth. — The  mouth  is  an  oral  cavity  situated  at  the  beginning  of 
the  alimentary  tract.  This  cavity  is  formed  by  the  lips  in  front,  the  pharynx 
behind,  and  the  cheeks  at  the  sides.  The  roof  of  the  mouth  is  formed  by 
the  hard  palate;  below  is  the  floor  of  the  mouth  upon  which  rests  the 
tongue.  The  cavity  of  the  mouth,  excepting  the  teeth,  is  everywhere  in- 
vested with  a  highly  vascular  mucous  membrane,  composed  largely  of 
squamous  epithelium.  Conical  papillae  are  for  the  larger  part  very 
minute  and  concealed  beneath  the  epithelium.  The  lips  are  separated  by 
an  oval  fissure.  They  are  composed  of  various  muscles  converging  to  and 
surrounding  the  oval  fissure.  The  cheeks  have  a  corresponding  composi- 
tion, the  principal  muscles  being  the  buccinators. 
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Beneath  the  mucous  membranes  of  the  cheeks  and  lips  there  are  a 
number  of  racemose  glands,  communicating  with  the  mouth  through  their 
respective  ducts.  In  the  lips  they  are  called  labial  glands ;  in  the  cheeks 
buccal  glands.     Their  function  is  to  secrete  mucus  and  an  enzyme. 

THE  PALATE. — There  are  two  parts  of  the  palate — a  hard  and  a  soft^ 
The  hard  palate  is  deeply  vaulted  and  lined  with  smooth  mucous  mem- 
brane, except  anteriorly,  where  it  is  roughened  by  a  series  of  transverse 


Thyreoid  cartilai 
Trachea 


Left  flexure  of  oesophagus 
Aortic  arch 


Right  flexure  of  oesophagus 


escending  aorta 


Hiatus  oesophagus 
(Esophagus,  pars  alTd. 

Lesser  curvature 

Pars  pylorica 

Descending  duodenum 

Inferior  duodenui 


Fundus  of  stomach 


Greater  curvature 


Bifurcation  of  aorta 


Fig.  5. — Esophagus,  Curvatures  of  the  Stomach  and  the  Situation  of  the  Pars 
Pylorica,   the  Descending  and   Inferior   Duodenum. 


ridges.  The  soft  palate  is  a  reduplication  of  the  mucous  membrane  en- 
closing a  fibromuscular  layer,  containing  racemose  glands.  The  soft  pal- 
ate hangs  obliquely  from  the  posterior  portion  of  the  hard  palate  and 
forms  a  freely  movable  partition  between  the  mouth  and  the  posterior 
nasal  orifices. 
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(Esophagus 


THE  TEETH.— The  teeth,  in  form,  structure  and  number,  vary  in  dif- 
ferent animals;  this  is  markedly  shown  in  the  carnivora  and  herbivora. 
Among  mammalia,  and  particularly,  in  man,  the  teeth  are  developed  in 
two  sets;  (1)  called  the  temporary  or  milk  teeth,  20  in  number,  10  in  the 
upper  and  10  in  the  lower  jaw;  (2)  the  second  set  or  permanent  teeth, 
32  in  number,  16  in  each  jaw,  viz :  4  incisors,  2  canines,  4  bicuspids  and 
6  molars.  The  main  body  of  a  tooth  is  composed  of  dentine,  a  hard  sub- 
stance resembling  bone,  physically  and  chemically.  This  encloses  the 
pulp  cavity  and  gives  shape  to  the  tooth.  It  consists  of  about  28  parts  of 
organic  matter  and  72  parts  of  earthy  material.  The  surface  of  a  tooth 
is  covered  with  enamel,  the  hardest  of  all  organized  substances  known.  It 
consists  of  3  parts  of  organic  matter  and  97  of  earthy  matter,  principally 
calcium  phosphate. 

The  Pharynx. — The  pharynx  is  a  funnel-like  cavity,  running  from  the 
base  of  the  skull  to  the  level  of  the  fifth  cervical  vertebra,  where  it  ends 
in    the    esophagus.      There    are    7    openings    communicating    with    the 

pharynx;  the  2  posterior 
nares;  the  2  eustachian 
tubes,  the  mouth  and  the 
esophagus.  The  walls  of 
the  pharynx  are  musculo- 
membranous.  The  interior 
is  lined  with  a  soft,  red, 
mucous  membrane  contain- 
ing many  glands. 

The   Esophagus.  —  The 
esophagus  is  a  continuation 
of    the    digestive    tract,    of 
w^hich   the  pharynx  is  the 
upper  part.     It  is  9  inches 
long,  an  inch  in  diameter. 
Fig.   6.— The  Normal  Stomach.     This  illustration  and  extends  from  the  lower 
(from  Gray's  "Anatomy"),  though  too  short  in    end   of   the   pharynx   to   the 
its  long  axis,  is  a  fairly  good  diagrammatic  out-   cardiac  end  of  the  stomach 
line  of  the  normal  stomach.     That  part  of  the     ,-rp.         „v         ^pi  i 

stomach  above  where  the  esophagus  enters  is  )^^^'  ^)'  -L tie  esopliagUS 
almost  always  filled  with  gas  when  the  stomach  is  a  nearly  straight  canal, 
is  viewed  on  the  fluoroscopic  screen.  The  relative  narrowest  at  its  commence- 
lengths  of  the  curvatures,  the  shape  and  position  ^^^^  ^^^  gradually  en- 
of  the  pars   pylorica,  the  pyloric  sphincter  and  t     -l  i 

the  dilated  first  portion  of  the  duodenum,  which  larges.  It  has  three  coats : 
forms  the  cap.  are  fairly  well  represented.  an      outside      muscular,      a 
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Circular  layer 


Longitudinal  layer 
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fibrous,  and  an  inner  or  mucous  coat.     The  inner  coat  contains  minute 
papillir  and  is  covered  by  sqiiamous  epithelium. 

The  Stomach — The  stomach  is  a  pyriform  dilatation  of  the  alimentary 
canal  and  forms  a  pouch,  lying  in  the  epigastric  and  hypogastric  regions, 
about  five-sixths  being  in  the  median  line.  It  is  approximately  twelve 
inches  long,  four  in  vertical  diameter,  and  somewhat  less  anteropos- 
teriorly,  weighing  about  five 
ounces  and  hohling  normally 
from  five  to  eight  pints.  It 
has  two  orifices,  cardia  and 
pylorus;  two  surfaces,  an- 
terior and  posterior;  and 
two  borders,  the  greater  and 
lesser  curvatures  (Fig.  8). 
Its  large  end  is  called  the 
fundus,  the  small  end  the 
portio  pylorica.  In  this 
organ  some  of  the  most  im- 
portant chemical  changes  in 
the  food  take  place;  it  is 
here  converted  into  a  gray- 
ish brown  soup-like  mass. 
From  the  stomach  the  food 
passes  into  the  small  intes- 
tine, where  the  nutrient  ma- 
terials are  separated  from 

the  waste  residue,  the  latter  passing  on  into  the  large  intestine  to  be 
expelled  from  the  body  (Fig.  9). 

The  stomach  and  the  large  and  small  intestines  are  located  below  the 
diaphragm  in  the  abdominal  and  pelvic  cavities,  differing  from  that  part 
of  the  digestive  tube  above  the  diaphragm,  which  is  practically  a  straight 
tube,  while  the  intestine  is  much  folded  and  convoluted. 

The  Small  Intestine. — The  small  intestine  is  about  twenty-five  feet 
long ;  the  short  first  or  upper  portion  is  the  duodenum,  the  next  two-fifths 
form  the  jejunum,  and  the  rest  the  ileum.  The  wall  of  the  gut  is  very 
thin,  and  is  composed  of  four  layers  or  coats.  The  serous  coat  (external) 
is  peritoneum,  and  surrounds  the  jejunum  and  ileum  completely,  except 
along  its  narrow  mesenteric  border.  The  muscular  coat  consists  of  two 
layers;  externally  longitudinal  fibers  and  internally  circular  fibers,  the 
latter  being  three  times  the  thicker.     The  submucous  coat  consists  largely 


Fig.  7. — The  Longitudinal  Fibers  of  the  Mus- 
culature OF  the  Stomach.  (Morris'  "Hu- 
man Anatomy.") 


Fig.  8. — Orifices  of  the  Peptic  Glands  of  the  Stomach.     (Flint's  "Physiology.") 
A — Peptic  gland  from  the  middle  portion  of  the  stomach:   1,  excretory  canal;   2,  2,  2, 

the  three  principal  branches  of  the  gland;  3,  3,  3,  secondary  branches  filled  with 

rounded  cells. 
B — Peptic  gland  from  the  pyloric  portion:   1,  excretory  canal;  2,  2,  the  two  principal 

branches;  3,  3,  terminal  culs-de-sac. 
C — Mucous  gland  from  the  pyloric  portion:  1,  excretory  canal;  2,  2,  the  two  branches; 

3,  3,  3,  3,  3,  secondary  branches;  4,  4,  4,  small,  terminal  racemose  glands. 


Fig.  9. — The  Gbeateb  and  Lesser  Curvatures  of  the  Stomach. 
(Morris'  "Human  Anatomy.") 
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of  areolar  tissue  and  is  more  closely  connected  with  the  muscular  coat; 
in  it  are  found  the  lymphatics,  blood  vessels  and  nerve  plexuses. 

THE  DUODENUM.— The  duodenum  is  an  inverted  U-shaped  tube,  ten 
or  twelve  inches  long  and  from  an  inch  and  a  half  to  two  inches  in  diame- 
ter.    It  begins  at  the  pyloric  end  of  the  stomach  and  describes  a  loop 
ending  at  the  duodeno-jejunal  angle,  where  it  becomes  the  jejunum.     In 
direction  it  follows  one  of  three  types:  (1)  angular  or  circular,  peculiar 
to  infants  less  than  seven  years  old,  in  which  the  terminal  part  rises  as 
high  as  the  origin;  (2)  and  (3)  U-shaped  or  V-shaped,  found  in  adults. 
The  first  portion,  known 
as  the  hepatic  curvature, 
is  about  an  inch  and  a 
half  long,  movable  at  its 
origin,   but   firmly  fixed 
at  its  end.     The  hepatic 
curvature  is  on  the  level 
of  the  upper  edge  of  the 
body  of  the  first  lumbar 
vertebra;  its  general  di- 
rection is  upward  and  to 
the  right  and  backward, 
being    nearly    horizontal 
and  transverse  when  the 
stomach    is    empty,    but 
nearly  anteroposterior 
when  it  is  full.    It  passes 
under  the  quadrate  lobe 
of  the  liver  and  neck  of 
the  gall  bladder,   where 
it  bends  downward,   be- 
coming the  second  or  descending  portion,  which  lies  to  the  right  of  the 
first  two  or  three  lumbar  vertebrae,  then  crosses  the  fourth  lumbar  verte- 
bra.    It  lies  to  the  left  of  the  spinal  column,  but  in  front  of  the  great 
vessels.    The  duodenum  is  held  in  place  by  its  peritoneum  and  ligaments, 
but  chiefly  by  the  ducts — from  the  gall  bladder  and  pancreas,  together 
with  its  arteries  and  their  fibronervous  investments — and  by  the  muscle 
of  Treitz. 

The  Large  Intestine. — The  large  intestine  is  five  or  six  feet  long  and 
extends  from  the  end  of  the  ileum  (cecum)  to  the  anus ;  its  capacity  is 


Fig.  10. 


The  Duodenum  in  its  Anatomical  Rela- 
tions.    (Allan's   "Anatomy.") 
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about  four  quarts  and  its  diameter  varies  from  one  inch  to  two  and  a  half 
inches.     It  is  differentiated  from  the  small  intestine  by  its  larger  size, 


NASAL  CAVITY 

PALATE'--u^vi7/ 
MOUTH  CAVrnf^M^. 

TONGUE 


NASAL  PHARYNX 

ORAL  PHARYNX. 
LARYNGEAL  PHARYNX 


^SPLEEN 


BILE  AND 

PANCREATIC 

DUCTS 


RIGHT  COLIC 
FLEXURE 


DUODENUM 


LEFT  COLIC? 
FLEXURE 


Fig.  11. — Diagram  of  the  Alimentary  Canal,  Stomach,  Liver,  Pancreas  and  tub 
Large  Intestine.     (Morris'  "Human  Anatoin3\") 

sacular  form,  the  presence  of  the  appendices  epiploicse,  and  by  the  longi- 
tudinal muscular  bands.     It  begins  in  the  right  iliac  fossa  and  passes 


"\ 
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upward  to  the  under  surface  of  the  right  lobe  of  the  liver;  this  part  is 
eight  inches  long  and  is  known  as  the  ascending  colon.  Here  it  bends 
(hepatic  flexure)  sharply  forward  and  to  the  left  to  become  the  transverse 
colon.  This  portion  is  about  twenty  inches  long.  From  the  hepatic  flex- 
ure it  passes  transversely  to  the  left  in  an  arch  whose  convexity  is  down- 
ward and  forward,  and  ends  in  a  sharp  bend  downward,  making  what  is 
known  as  the  splenic  flexure.  The  descending  colon,  eight  and  a  half 
inches  long,  begins  here,  and  becomes  the  sigmoid  flexure  at  the  crest  of 
the  ilium.  The  sigmoid  colon  begins  at  the  upper  crest  of  the  ilium  and 
passes  down  into  the  left  iliac  fossa  and  ends  at  the  brim  of  the  pelvis, 
becoming  the  rectum.  The  rectum  passes  down  on  the  posterior  wall  of 
the  pelvus  and  bends  backward  around  the  coccyx  to  end  at  the  anus.  Its 
total  length  is  about  eight  inches. 

The  larg'e  intestine  has  four  coats ;  the  serous  coat  is  external,  and  is 
formed  by  peritoneum.  The  muscular  coat  is  next,  consisting  of  two 
layers  of  fibers ;  externally  the  fibers  run  lengthw^ise  of  the  gut.  The  next 
layer  is  formed  of  the  circular  constricting  transverse  bands  or  tenia  coli. 
The  submucous  coat  is  next  and  also  has  a  bed  for  the  mucosa.  It  consists 
of  areolar  tissue,  and  contains  blood  vessels,  nerves  and  lymphatics.  The 
mucous  coat  is  the  internal  lining  membrane  of  the  gut. 

The  mucous  coat  is  thick  and  red  at  the  upper  part  of  the  gut,  but 
paler  and  thinner  below;  on  its  outer  surface  is  the  muscularis  mucosae, 
a  layer  of  unstriped  muscle  fibers.  The  inner  surface  presents  a  shaggy 
appearance,  owing  to  the  presence  of  the  intestinal  villi.  In  its  different 
parts  are  found  villi,  valvulse  conniventes,  lymph  follicles  and  true  glands. 

DIGESTIVE  GLANDS 

Outside  of  the  intestinal  canal,  but  connected  with  it,  are  a  number 
of  glands  emptying  their  secretions  into  the  canal  by  small  ducts;  the 
larger  of  these  glands  are  the  salivary,  opening  into  the  mouth,  and  the 
liver  and  pancreas,  opening  into  the  first  fold  of  the  small  intestine. 

The  true  intestinal  glands  are  of  two  kinds :  Lieberkiihn's  follicles  or 
crypts  are  small  tubes  formed  everywhere  in  the  mucous  membrane. 
Bruno's  (or  duodenal)  glands  are  small,  compound,  tubular  glands  found 
usually  in  the  submucosa,  and  limited  to  the  duodenum  and  upper  part  of 
the  jejunum.  They  are  possibly  a  continuation  of  the  more  highly  spe- 
cialized pyloric  glands. 

The  intestinal  lymph  follicles  occur  in  tw^o  forms  as  follows :  the  Soli- 
tary Glands,  resembling  lymph  nodes,  found  chiefly  in  the  lower  ileum; 
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they  are  small,  whitish  in  color,  or  very  vascular  and  filled  with  lymph  cor- 
puscles. Each  is  surrounded  by  the  crypts  of  Lieberklihn.  The  Peyer's 
patches  are  aggregations  of  solitary  glands  which  make  up  the  circular 
or  oval  patches,  between  twenty  or  thirty  in  number,  an  inch  and  a  half 
to  two  inches  wide,  and  from  a  half  to  four  inches  long.  They  are  largest 
and  most  numerous  in  the  lower  two-thirds  of  the  ileum. 

Although  digestion  in  its  entirety,  as  it  occurs  in  the  alimentary  canal, 
is  in  its  nature  very  complex,  yet  there  are  three  natural  divisions  of  the 
process  based  upon  the  changes  as  they  occur  in  the  (a)  mouth,  (b)  in 
the  stomach  and  (c)  in  the  intestines  respectively. 

For  the  sake  of  a  clearer  understanding  of  the  physiological  change': 
and  alterations  in  foodstuffs,  whether  mechanical  or  chemical,  it  will  be 
well  to  refer  briefly  to  the  anatomy  of  the  organs  of  the  different  parts 
of  the  digestive  tube,  explaining  the  function  they  fulfill  in  the  process 
of  digestion.  The  fact  must  not  be  lost  sight  of,  that  these  divisions  of 
the  digestive  system  are  arbitrary  and  that  no  sharp  line  can  be  drawn  a;, 
the  various  stages,  since  all  parts,  structures  and  functions  work  in  har- 
mony and  have  one  common  goal — the  dissolving  of  the  food  so  that  it 
can  be  absorbed  into  the  circulation. 

Glandular  Organs  of  Digestive  Tract — The  most  important  glandular 
organs  of  the  digestive  tract  are  as  follows : 


I. 

The  salivary  glands: 

parotid, 

submaxillary, 

sublingual. 

11. 

The  pancreatic  gland. 

III. 

The  spleen. 

lY. 

The  liver. 

THE  SALIVAEY  GLANDS.— The  largest  of  the  salivary  glands  is  the 
(a)  parotid,  weighing  from  a  half  an  ounce  to  one  ounce.  It  is  named 
from  its  position  near  the  ear,  lying  just  below  and  in  front  of  this  organ. 
It  extends  upward  as  far  as  the  zygoma,  downward  as  far  as  the  angle 
of  the  lower  jaw,  and  inward  between  the  ramus  of  the  jaw  and  the  mas- 
toid process.  The  duct  of  the  parotid,  called  Stensen's  duct,  has  the  diam- 
eter of  a  crow-quill,  is  two  inches  in  length,  and  runs  forward  across  the 
masseter  muscle  to  open  in  the  mouth  opposite  the  second  molar  tooth. 

(b)  The  submaxillary  gland  weighs  about  two  drams,  and  is  separated 
from  the  parotid  by  a  layer  of  deep  cervical  fascia.  It  lies  beneath  the 
mylohyoid  muscle,  below  the  digastric  muscle,  and  is  covered  by  the  sub- 
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cutaneous  cervical  muscle  and  skin.  It  is  about  one-third  the  size  of  the 
parotid,  and  its  duct  (Wharton's)  is  about  two  inches  in  length.  The 
duct  opens  on  the  side  of  the  lingual  frenum,  under  the  tip  of  the  tongue. 

(c)  The  sublingual  gland,  the  smallest  of  the  three,  is  almond-shaped 
and  weighs  about  a  dram.  It  lies  under  the  mucous  membrane  and  at  the 
side  of  the  frenum  linguae  in  a  depression  on  the  inner  side  of  the  lower 
jaw  close  to  the  symphysis.  This  gland  has  from  eighteen  to  twenty 
ducts,  called  Rivinian  ducts,  opening  separately  on  either  side  of  the  fre- 
num. Two  or  more  of  these  unite  to  form  the  duct  of  Bartholin,  which 
then  joins  Wharton's  duct. 

THE  PANCEEATIC  GLAND.— The  pancreatic  gland — the  pancreas — is 
a  long  gland  of  a  reddish  cream  color,  situated  behind  the  stomach. 
It  resembles  somewhat  in 
structure  the  parotid 
gland,  though  softer,  is 
about  six  inches  long,  an 
inch  to  one  and  a  half 
inches  wide,  and  half  an 
inch  to  an  inch  thick.  It 
lies  transversely  across  Py^ 
the  posterior  abdominal 
wall  at  the  level  of  the 
first  lumbar  vertebra, 
stretching  from  the  duode- 
num to  the  spleen,  and  is 
divided  into  a  head,  neck, 
body  and  tail.  The  duct 
of  Wirsung,  or  the  pan- 
creatic duct,  the  size  of  a 
goose-quill,  runs  the  en- 
tire length  of  the  gland. 

Upon  leaving  the  pancreas,  the  duct  penetrates  the  wall  of  the  duodenum 
to  unite  with  the  common  bile  duct,  about  three  inches  from  the  pylorus. 

The  pancreas  is  an  acinotubular  gland,  resembling  the  salivary 
glands.  Indeed,  it  has  frequently  been  called  the  abdominal  salivary 
gland.  The  lobes  are  composed  of  convoluted  ducts  which  terminate  in 
alveoli  or  sacs  which  unite  with  other  tubules  and  communicate  with  the 
main  duct.  The  secretory  cells  of  the  pancreas  are  large  and  rounded. 
They  possess  an  outer  portion  which  is  nearly  or  quite  homogeneous, 
staining  readily  with  dyes;  and  an  inner  portion,  very  granular,  which 


Fig.  12. — The  Duodenum  Opened,  Showing  the 
Valvule  Conniventes,  and  the  Opening  op 
THE  Common  Bile  Duct.  The  duct  of  the  pan- 
creas is  also  represented  in  greater  part  of  its 
course,  a,  duodenum;  ft,  pancreas;  c,  common 
bile  duct;  d,  pancreatic  duct;  e,  opening  of  the 
common  duct  in  the  intestine. 
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does  not  stain  easily.  When  the  pancreatic  gland  is  inactive,  its  cells  are 
heavily  charged  with  granules.  When  active,  the  cells  swell  and  press 
outward  against  the  basement  membrane;  later  they  diminish  in  size  as 
the  granules  pass  out  through  the  now  opened  lumen  and  so  leave  a  large 
clear  zone.  The  presence  of  these  numerous  small  granules  marks  the 
presence,  in  the  cells,  of  a  zyniogen,  termed  trypsinogen,  which  is  the  pre- 
cursor of  trypsin,  the  active  digestive  ferment  of  the  pancreatic  juice. 

THE  SPLEEN. —  The  spleen  is  the  largest  ductless  gland  and  lies  ob- 
liquely in  the  left  hypochondrium  between  the  fundus  of  the  stomach  and 
the  diaphragm ;  above  and  to  the  left  of  the  kidney  and  above  the  splenic 
flexure  of  the  colon,  and  opposite  (with  its  long  axis  nearly  parallel  to) 
the  ninth,  tenth  and  eleventh  ribs.  In  shape  it  is  half -ovoid.  Its  con- 
sistency is  comparatively  soft,  and  its  color  is  purplish.  It  is  ^ve  inches 
in  length,  four  inches  in  breadth,  and  from  one  to  two  and  a  half  inches 
in  thickness.  Just  what  role  the  spleen  plays  in  metabolism  is  as  yet 
undetermined.  It  is  supposed  by  some  workers  to  originate  the  leuko- 
cytes, and  this  manufacture  reaches  a  pronounced  activity  when  the  or- 
gan is  hypertrophied,  as  in  leukocythemia.  The  spleen,  from  its  power 
to  dilate,  serves  as  a  reservoir  of  blood  for  the  portal  system,  especially 
for  the  blood  vessels  of  the  stomach.  Many  of  the  purin  bodies  are  found 
in  the  spleen,  as  xanthin,  hypoxanthin  and  uric  acid.  jTones  of  Baltimore 
has  shown  that  the  spleen  contains  a  digestive  ferment  adenase,  the  fer- 
ment which  converts  adenin  into  hypoxanthin.  Ott,  in  his  text-book  on 
physiology,  says  he  has  demonstrated  experimentally  that  an  extract  made 
from  the  spleen  when  injected  into  an  animal  will  excite  active  peri- 
staltic movements. 

THE  LIVER.—  The  liver  is  the  largest  gland  in  the  body.  Its  shape  is 
ovoidal  or  that  of  a  triangular  prism,  with  its  long  diameter  transverse. 
Its  convex  surface  is  against  the  diaphragm ;  its  concave  surface  is  in  con- 
tact with  the  stomach  and  right  kidney.  It  is  held  in  place  by  the  left 
and  right  lateral  ligaments,  together  with  the  suspensory  ligament.  The 
organ  weighs  from  three  to  four  pounds,  and  is  a  dark  reddish-brown. 
It  is  composed  of  ^yq  lobes,  five  fissures  and  fi\Q  ligaments.  The  right 
portion  of  the  liver  is  much  larger  than  the  left.  It  is  also  thicker  and 
extends  lower  in  the  abdomen  and  higher  in  the  thorax.  The  liver  has 
been  termed  the  storehouse  for  the  human  body.  Its  excretory  apparatus 
includes  the  bile  canaliculi  and  ducts,  hepatic  and  cystic  ducts,  gall-blad- ' 
der  and  common  bile  duct.  The  bile  canaliculi  begin  between  the  liver 
cells  and  unite  into  larger  ducts,  which  finally  unite  into  two  main  ducts 
for  the  right  and  left  lobes  respectively;  they  emerge  at  the  transverse 
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fissure.  The  hepatic  duct  is  formed  by  the  union  of  the  right  and  left 
bile  ducts  at  the  right  end  of  the  transverse  fissure.  Then,  descending  in 
the  right  margin  of  the  lesser  omentum,  in  front  of  the  vena  cava  and  to 
the  right  of  the  hepatic  artery,  it  joins  the  cystic  duct,  forming  the  com- 
mon bile  duct. 

THP]  GALL-BLADDER.— The  gall-bladdei*  is  pear-shaped,  three  or  four 
inches  long  and  over  an  inch  wide;  it  presents  a  fundus,  body  and  neck, 
and  acts  as  a  natural  reservoir  for  storage  of  bile.  The  hepatic  duct  by 
joining  the  cystic  duct  forms  the  common  bile  duct  knov^^n  as  the  ductus 
communis  choledocus.  This  is  the  largest  of  the  three,  and  is  three  inches 
long  with  the  diameter  of  a  goose-quill.  It  joins  the  pancreatic  duct,  and 
empties  its  secretions  into  the  duodenum  through  a  common  opening. 
The  composition  of  human  bile  is  approximately  as  follows : 

Water   982 

Solids :  Mucin  and  pigments 1.5 

Bile-salts Y.5 

Lecithin  and  soaps   1.0 

Cholesterin 0.5 

Inorganic  salts 7.5 — 18 

TOTAT. 1,000 


The  normal  color  of  bile  is  due  to  two  bile-pigments:  hiliruhin  and 
hiliverdin,  which  give  a  range  of  color  from  reddish-brown  to  grass-green. 
Bile  does  not  contain  either  bilirubin  or  biliverdin  in  a  free  state,  but 
combinations  of  these  two  substances:  as  salts,  bilirubinates,  and  bili- 
verdinates  of  the  alkalies. 

THE  USES  OF  BILE  IN  THE  INTESTINES.— During  the  fasting  state  not 
a  drop  of  bile  enters  the  intestine.  Meat  extractives,  fat  and  the  products 
of  digestion  of  egg  albumin  set  up  a  free  excretion  of  the  fluid.  The 
presence  of  bile  in  the  intestine  stimulates  the  active  excretion  of  the 
pancreatic  enz^nnes,  especially  the  fat-splitting  ones,  the  action  of  which 
is  increased  fifty  per  cent. 

Bile  is  principally  an  excrementitious  waste  from  the  liver.  It  aids 
in  the  emulsification  of  fats  and  contributes  to  their  solution  by  saponi- 
fication brought  about  by  the  alkalies  of  the  biliary  fluid.  Another 
property  of  this  excrementitious  biliary  fluid  is  a  regulator  of  intestinal 
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putrefaction  and  due  to  its  power  of  dissolving  cholesterol  serves  as  an 
excretory  vehicle  for  ridding  the  body  of  toxins  and  metallic  poisons. 

Bile  renders  the  chyme  alkaline,  and  aids  the  action  of  the  pancreatic 
juice  which  is  most  effective  as  a  digestive  agent  in  an  alkaline  medium. 
It  also  favors  absorption,  by  its  alkalinity  permitting  of  more  ready 
osmosis. 
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CHAPTEK    V 

MECHANICAL  AND  CHEMICAL  PKOCESSES  OF  DIGESTION 
IN   THE   ALIMENTAKY   CANAL 

Mastication. 

Insalivation:     Stimulation  and  Action  of  Enzymes  in  the  Mouth. 

Deglutition. 

Nerve  Action  in  Digestive  Processes. 

Secretion  and  Action  of  Digestive  Juices:  Saliva;  Juices  of  the  Stomach 
and  Intestine — Secretion,  Quality  and  Quantity  of  Secretion,  Cor- 
relation of  Functions  by  Chemical  Action  of  Juices. 

Functions  of  the  Stomach:  The  Stomach  as  a  Reservoir;  Maceration 
of  Food  in  the  Stomach — Movements  of  the  Stomach,  Action  of  the 
Pylorus;  Sterilization  of  Food;  Regulation  of  Temperature;  Absorp- 
tion of  Food. 

To  make  food  of  use  in  the  body  it  must  be  digested,  and  the  process 
of  digestion  is  a  very  complicated  one.  It  has  been  said  that  digestion 
is  augmented  by  good  food  skillfully  prepared,  pleasant  to  look  upon, 
inviting  to  the  taste  and  smell,  ingested  in  comfortable  surroundings 
among  pleasing,  cheerful  companions.  Under  adverse  conditions,  pure 
food  improperly  prepared  will  cause  digestive  disturbances. 

Mastication  of  Food. — Mastication  of  food  is  a  voluntary  act  whereby 
the  food  is  ground  up  by  the  teeth,  aided  by  the  tongue,  palate,  cheeks 
and  lips.  The  bulk  of  the  work  is  accomplished  by  the  biting  and 
grinding  movements  of  the  lower  teeth  against  the  upper. 

From  the  peculiar  articulation  of  the  lower  jaw  with  the  skull,  it 
is  capable  of  performing  three  primary  movements,  together  with  com- 
binations of  same:  upward  and  downward,  side  to  side,  forward  and 
backward.  The  muscles  concerned  in  these  movements  are  the  masseter, 
temporal,  and  internal  pterygoids  which  raise  the  jaw.  The  inferior 
maxillary  division  of  the  fifth  nerve  innervates  them.  The  depression 
of  the  lower  jaw  is  brought  about  mainly  through  the  action  of  the 
digastrics.  The  side  to  side  movements  are  produced  by  the  separate 
action  of  the  external  pterygoids.     Their  united  contraction  permits  the 
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forward  and  backward  movement  of  the  lower  mandible.  The  up  and 
down  biting  movement  is  necessary  for  the  front  teeth;  the  side  to  side 
motion  is  a  necessary  process  of  chewing.  The  tongue  and  cheeks  act 
like  the  hopper  of  a  mill  and  force  the  food  between  the  grinding  facets 
until  it  is  properly  comminuted  for  swallowing. 

Mastication  is  of  prime  importance  when  solid  and  fibrous  foods 
are  eaten,  to  prepare  them  by  comminution  for  the  fermentative  action 
of  the  various  digestive  fluids.  When  foods  are  improperly  masticated, 
severe  forms  of  dyspepsia  are  likely  to  follow. 

^*The  time  consumed  in  mastication,"  says  Cannon,  "varies  with  the 
appetite,  with  the  age,  the  demands  of  business,  the  quantity  of  food  in 
the  mouth,  and  especially  with  the  nature  of  the  food — whether  gummy, 
moist  or  dry,  crisp  or  tough  (1).  The  amount  of  mastication  given  to 
any  food  is  related  to  the  readiness  with  which  a  mass  is  comminuted, 
insalivated  and  formed  into  a  bolus,  and  is  not  related  to  the  degree 
of  salivary  digestion.  For  this  reason  soft,  starchy  food  is  little  chewed, 
whereas  hard  or  dry  food,  which  is  usually  not  starchy  in  nature, 
requires  much  chewing  to  be  ready  for  swallowing" (2). 

The  secretion  of  saliva,  which  softens  the  hard  particles  in  food,  is 
promoted  by  the  movements  of  the  jaws  in  chewing  the  food.  Ptyalin, 
a  constituent  of  saliva,  starts  the  digestion  of  starches.  The  weight  of 
a  bolus  of  food  in  the  mouth  when  ready  to  be  swallowed  varies  in  man 
between  3.5  and  6.5  grams,  and  of  this,  1.5  grams  will  be  saliva(3). 
The  mass  suitable  for  normal  mastication  has  an  average  volume  of 
about  5  c.c.  Not  all  animals  chew  the  food  as  finely  as  man  commonly 
chews  it.  The  dog,  cat,  and  other  carnivorous  animals  swallow  pieces 
of  meat  so  large  that  the  esophagus  seems  to  have  difficulty  in  accom- 
modating them,  and  yet  these  animals  seem  to  have  no  instinct  to  divide 
their  food  into  smaller  and  more  readily  manipulated  fragments.  It 
would  seem,  therefore,  that  nature  intended  meats  to  be  bolted.  The 
large  lumps  are  merely  moved  about  the  mouth  of  carnivorous  animals 
until  they  are  coated  with  saliva  and  are  then  forced  backwards  into 
the  gullet.  In  man,  also,  the  food  may  be  swallowed  in  such  haste  that 
it  is  barely  covered  with  the  saliva  which  usually  lubricates  the  passage 
of  food  through  the  esophagus.  Masses  of  food  from  10  to  12  milli- 
meters in  diameter  may  thus  enter  the  stomach  with  scant  evidence  that 
the  teeth  have  in  any  way  afPected  them.  The  ability  to  bolt  food  in 
unbroken  masses  can  doubtless  be  cultivated. 

The  thorough  comminution  of  food  into  fine  fragments  and  the 
process  of  mixing  it  thoroughly  with  saliva  so  that  it  might  be  sufii- 
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ciently  moist  to  be  swallowed  were  formerly  considered  the  most  impor- 
tant results  of  mastication.  Recent  researches  have  revealed  less  obvious 
results.  According  to  Pavlov  and  Cannon,  the  voluntary  act  of  chewing 
has  been  found  to  have  much  significance  for  the  proper  initiation  of 
gastric  digestion.  "During  mastication  substances  of  pleasant  taste  are 
brought  in  contact  with  the  gustatory  organs  of  the  tongue  and  cheeks, 
and  odors  released  from  the  separated  food  rise  to  the  olfactory  region 
of  the  nose.  Through  the  pleasurable  sensations  aroused  by  these  stimuli 
the  gastric  juice  is  retlexly  started  flowing  in  preparation  for  gastric 
digestion.  Not  only  in  laboratory  animals,  but  also  in  human  beings, 
this  remote  effect  of  pleasurable  sensation  in  the  taking  of  the  food  has 
been  demonstrated"  (4).  Hornborg(5)  and  other  research  students  report 
cases  of  gastric  fistulse  in  children  in  which  the  secretion  of  gastric  juice 
was  observed  when  agreeable  food  was  chewed,  whereas  the  chewing  of 
indifferent  material  was  without  influence.  Pavlov  and  Edkins  have 
definitely  proved  by  experimentation  that  this  initial  "psychic  juice" 
may  be  a  prime  condition 
for  continuance  of  gastric 
secretion.  According  to 
Cannon (6),  another  remote 
effect  which  may  result 
from  the  chewing  of  agree- 
able food  is  the  develop- 
ment in  the  stomach  of  a 
condition  of  tonic  contrac- 
tion— a  state  of  sustained 
shortening  of  the  circular 
muscles  which  nicely  adapts 
the  capacity  of  the  organ  to 
the  contents,  whatever 
amount  is  swallowed.  The 
churning  movement  of  the 
stomach  mixes  the  food  with 
the  gastric  juice  and  pushes 
the  ch^Tne  onward  into  the 

duodenum.     This  movement  is  dependent  on  the  tension  developed  in  the 
muscular  wall  as  a  result  of  its  tonic  state. 

Insalivation. — Insalivation  is  a  separate  and  distinct  act,  performed 
during  mastication,  whereby  the  food  is  mixed  with  the  secretions  of 
the  salivary  glands.     By  this  means,  the  dry,  hard  portions  of  food  are 
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moistened  and  softened,  the  better  to  fit  them  for  swallowing;  at  the 
same  time  the  mucous  membrane  is  moistened  and  lubricated,  allowing 
free  movement  of  the  food  during  the  chewing  or  grinding  act.  A  fever 
patient  attempting  to  swallow  a  dry  cracker  affords  an  ample  illustration 
of  the  mechanical  value  of  saliva  during  the  act  of  mastication. 

Saliva  is  a  mixed  secretion,  a  slightly  alkaline,  viscid  and  frothy  fluid. 
It  is  derived  from  the  parotid,  sublingual  and  submaxillary  salivary 
glands  and  the  mucous  glands  of  the  oral  cavity.  Among  the  formed 
elements  are  epithelial  cells,  salivary  corpuscles  and  bacteria.  The  pres- 
ence of  mucin  is  responsible  for  its  stringy  and  turbid  consistency. 
Saliva  has  a  specific  gravity  of  1.002  to  1.006. 

STIMULATION  AND  ACTION  OF  ENZYMES  DUEING  INSALIVATION.— 
The  function  of  the  saliva  in  the  process  of  digestion  has  of  late  received 
considerable  attention  at  the  hands  of  physiological  chemists.  Max- 
well (Y),  writing  from  the  physiological  laboratory  of  Melbourne  Uni- 
versity, suggests  that  colloidal  starch  solutions  might  absorb  pepsin  in 
the  same  way  as  charcoal  and  other  powders,  and  hence  inhibit  the 
activity  of  this  enzyme.  On  the  other  hand,  saliva,  by  hydrolyzing 
starch,  might  prevent  this  absorption  of  pepsin  by  the  colloidal  carbo- 
hydrate, serving  thus  as  a  material  aid  to  digestion.  Maxwell's  experi- 
ments support  this  view.  He  finds  that  peptic  digestion  is  delayed  in 
the  presence  of  colloidal  starch  solutions  through  absorption  of  the 
enzyme. 

Between  the  amylodextrin  and  erythrodextrin  stage  in  the  disruption 
of  the  starch  molecule  the  absorption  of  pepsin  is  lost.  Unboiled  starch 
does  not  hinder  the  action  of  pepsin;  this  is  a  significant  fact  in  connec- 
tion with  the  dietetics  of  herbivora.  Further,  cooked  farinaceous  foods, 
as  rice,  potato,  bread  and  porridge,  inhibit  peptic  digestion  if  not  first 
subjected  to  salivary  digestion.  It  seems  clear,  therefore,  that  ptyalin 
in  human  saliva  plays  a  considerable  part  in  aiding  gastric  digestion  by 
hydrolyzing  colloidal  starch,  which  otherwise  would  absorb  pepsin. 
These  observations  are  of  great  interest,  as  they  may  throw  light  on  the 
value  of  active  malt  extracts  and  malted  foods  in  dietetics,  and  particu- 
larly in  the  feeding  of  infants.  It  certainly  seems  an  odd  physiological 
fact,  as  Maxwell  points  out,  that  an  enzyme  should  be  secreted  in  the 
mouth  only  to  be  presently  destroyed  in  the  stomach,  and  furthermore, 
that  a  more  efficient  diastase  is  present  in  the  secretion  of  the  pancreas. 
The  experiments,  too,  would  appear  to  afFord  further  evidence  of  the 
undesirability  of  the  presence  of  unaltered  starch  in  the  infant's  diet. 

The  term  "ase"  is  applied  to  an  enzyme  of  colloidal  structure  and  is 
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suffixed  to  the  name  of  the  substance  upon  which  the  enzyme  exerts  its 
specific  action.  Accordingly  the  word  amylase  denotes  a  starch  splitting 
enzyme,  while  a  fat  splitting  enzyme  is  known  as  a  lipase.  Invertase, 
found  in  the  small  intestine,  splits  saccharose  into  glucose  and  fructose. 
Moreover,  the  large  intestine  contains  the  Bacillus  coli  communis  which 
splits  up  lactose.  Lipase  or  steapsin  converts  fats  into  fatty  acid  and 
glycerin. 

The  proteoses  are  intermediate  products  between  native  proteins  and 
peptones.  They  are  only  slightly  diffusible;  they  are  not  coagulated  by 
heat,  but  can  be  precipitated.  A  characteristic  of  their  precipitation  is 
that  they  can  be  dissolved  by  heating,  but  reappear  when  the  solution 
cools.  They  are  all  soluble  in  weak  salt  solutions  or  dilute  acids  or 
alkalies.     They  are  slightly  diffusible  through  animal  membranes. 

The  proteases  break  up  proteins  and  convert  them  into  peptones  and 
the  peptones  into  amino-acids.  The  proteases  are  pepsin,  trypsin,  erepsin 
and  enterokinase. 

According  to  Ott(8),  the  stereo-isomeric  form  of  an  enzyme  is  re- 
sponsible for  the  manner  in  which  it  hydrolyzes  the  sugar  Alpha-methyl- 
glucosid  and  Beta-methylglucosid  which  are  products  of  glucose  and 
methyl-alcohol.  If  these  two  compounds  are  tested  by  the  enzyme  of 
yeast  only  the  Alpha  modification  is  hydrolyzed,  while  the  Beta  modifi- 
cation remains  in  statu  quo.  Hence,  as  Emil  Fischer  has  stated,  there 
must  be  a  special  ^^key  to  each  lock,"  the  ferment  being  the  lock,  and  its 
substrate  the  key.  For  if  the  key  does  not  fit  exactly  to  the  lock  no 
reaction  is  possible.  The  process  of  hydrolysis  is  quickened  by  the 
working  in  unison  of  the  ferments. 

Temperature  greatly  influences  the  amylolytic  action  of  saliva.  A 
low  temperature  checks  or  completely  arrests  its  action,  while  an  increase 
of  temperature  greatly  accelerates  its  activity.  However,  after  40°  C, 
which  is  considered  the  optimum  point,  has  been  reached,  a  further  rise 
of  temperature  becomes  injurious.  The  action  of  saliva  is  physical  and 
chemical.  Its  physical  action  has  been  discussed.  To  ptyalin  is  due 
its  chemical  or  amylolytic  action,  for  ptyalin  belongs  to  the  amylolytic 
or  starch  splitting  enzymes.  When  mastication  or  insalivation  of  food 
is  going  on,  the  starch  is  first  split  into  dextrin  and  maltose,  while  the 
dextrin  is  subsequently  converted  into  maltose;  erythrodextrin  is  acted 
upon  more  quickly  than  the  other  kind  of  dextrin  termed  achroodextrin. 
The  conversion  of  erythrodextrin  into  maltose  gives  a  red  color  reaction 
with  iodin ;  if  achroodextrin  is  used  no  color  with  iodin  results. 

The  amylolytic  action  of  saliva  is  most  effective  at  about  the  tern- 
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perature  of  the  body;  its  action  most  thorough  in  a  neutral  medium. 
Alkali  present  in  a  small  amount  does  not  deter  its  action  to  any  appre- 
ciable extent,  but  a  relatively  very  small  quantity  of  free  acid  will  abso- 
lutely inhibit  its  action.  It  may  be  stated  that  the  normal  condition  of 
the  mouth  is,  to  a  slight  extent,  alkaline  or  neutral.  Swallowed  saliva 
converts  starch  into  sugar  in  the  stomach  and  this  process  continues  for 
a  certain  time,  the  time  ranging  perhaps  from  fifteen  to  twenty  minutes. 
The  transformation  then  ceases,  owing  to  the  fact  that  the  amylolytic 
action  of  ptyalin  of  the  saliva  is  stopped  by  the  hydrochloric  acid  secreted 
by  the  peptic  glands  of  the  stomach.  The  acid  which  is  at  first  poured 
out  neutralizes  the  alkalinity  of  the  saliva  which  is  combining  with  the 
protein  of  the  food.  When  free  acid  appears  in  excess,  as  has  been  said 
before,  ptyalin  is  destroyed  and  the  amylolytic  action  is  arrested  alto- 
gether. Recent  researches  have  proved  that  the  transforming  continues  in 
the  stomach  for  some  time  after  its  entry,  the  time  ranging  from  fifteen  to 
thirty  minutes — that  is,  until  (a)  the  alkalinity  of  the  saliva  has  been 
neutralized  and  (h)  until  a  trace  of  free  hydrochloric  acid  remains  in 
excess.  Free  hydrochloric  acid  does  not  occur  in  the  stomach  until  about 
three-fourths  of  an  hour  after  a  meal. 

The  researches  of  Pavlov  have  made  clear  several  mooted  points.  He 
has  demonstrated  by  practical  experiments  on  the  submaxillary  ducts  of 
the  dog  that  the  secretion  of  saliva  is  a  reflex  action.  He  found  that  the 
sight  of  food,  its  smell,  the  chewing  of  meat  or  acid,  or  even  the  intro- 
duction of  sand  into  the  mouth,  caused  such  a  reflex  action  as  ^^the  mouth 
to  water."  Similar  experiments  on  the  parotid  secretion  gave  very  dif- 
ferent results.  These  showed  that  the  parotid  reacts  to  some  extent  when 
dry  meat  or  bread  is  offered  or  placed  in  the  mouth.  Dry  food  in  the 
form  of  meat  powder  was  found  to  stimulate  a  free  flow  of  parotid 
secretion  in  a  hundred  dogs,  while  moist  food  excited  but  little  secretion 
of  saliva.  The  importance  of  the  psychical  element  with  respect  to  the 
secretion  is  shown  by  observation  of  the  gastric  juices,  as  is  also  the 
adaptive  capacity  of  the  secretory  process  to  the  character  of  the  food 
masticated  and  to  the  requirements  of  the  animal. 

Deglutition. — Swallowing  occurs  in  the  pharynx  and  esophagus.  Here 
the  masticated  mouthful  is  formed  into  a  large  moist  bolus.  The  sym- 
metrical contraction  of  the  musculature  of  these  parts  aids  in  the  rapid 
passage  of  the  food  downward  into  the  stomach.  This  act  is  usually 
said  to  comprise  three  stages. 

In  the  first  stage,  in  which  the  act  is  voluntary  and  usually  uncon- 
scious, the  masticated  food  passes  between  the  tongue  and  palate  and  is 
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forced  backward  through  the  fauces  to  the  entrance  of  the  pharynx.  The 
second  act  of  swallowing  is  the  most  complicated,  because  the  food  must 
pass  the  posterior  opening  of  the  nasal  cavity  and  the  upper  opening  of 
the  larynx  without  entering  these  orifices.  The  three  constrictors  by 
their  contractions  are  the  chief  means  by  which  the  necessary  motive 
power  for  the  execution  of  the  act  is  supplied.  Thus  the  temporary 
closure  of  the  nasal  and  laryngeal  openings  is  effected.  The  elevation 
of  the  soft  palate  and  uvula  in  combination  with  the  contraction  of  the 
posterior  pillars  of  the  fauces  occlude  the  nasal  openings;  the  contrac- 
tion of  the  aryteno-epiglottic  folds  performing  a  similar  service  for  the 
laryngeal  opening.  In  the  third  act  an  undulatory  or  peristaltic  con- 
traction of  the  esophagus  occurs.  The  second  and  third  acts  of  degluti- 
tion are  involuntary.  The  movement  through  the  esophagus  is  termed 
peristaltic  or  vermicular. 

From  the  anatomical  description  of  the  organs  of  digestion  given  in 
the  preceding  chapter,  and  from  what  has  been  said  above,  it  would 
appear  that  the  act  of  swallowing  of  solid  and  of  liquid  foods  is  muscular 
and  not  governed  by  the  law  of  gravity.  Many  animals  drink  ^^up-hill," 
so  to  speak,  and  some  jugglers  can  drink  when  standing  on  their  heads. 
The  fact  is  well  known  that  a  thirsty  hunter  will  lie  flat  on  his  stomach, 
head  down,  with  his  mouth  in  the  water  of  a  stream  many  inches  lower 
than  his  stomach  and  satisfactorily  quench  his  thirst. 

On  the  other  hand.  Cannon (9)  agrees  with  the  conclusions  aimed  at 
by  Kronecker  and  Meltzer  as  the  result  of  their  observations.  These 
were  to  the  effect  that  water,  holding  bismuth  of  subnitrate  in  suspension, 
was  drunk  by  the  subject  and  at  each  swallowing  the  liquid  was  projected 
rapidly  through  the  pharynx  and  well  down  into  the  thoracic  esophagus 
before  being  lost  to  view. 

Hertz,  quoted  by  Cannon,  has  recorded  that  he  was  able,  in  fourteen 
normal  persons,  to  trace  the  passage  of  bismuth  salt,  suspended  in  milk, 
all  the  way  to  the  stomach.  After  having  been  "shot  rapidly  down  the 
greater  part  of  the  esophagus,"  the  food  was  forced  slowly  into  the  stom- 
ach. Hertz  went  on  to  say  that  in  the  head-down  position  fluids  ascended 
the  esophagus  at  approximately  one-third  the  rate  of  their  descent  in 
the  upright  position.  So  far  as  food  is  concerned,  few  will  be  found  to 
disagree  with  the  conclusion  of  Cannon  "that  the  act  of  swallowing  varies 
in  different  animals  and  with  different  consistencies  of  food."  With 
regard  to  the  swallowing  of  liquids,  the  suggestion  of  Meltzer,  with  which 
Cannon  agrees,  appears  to  meet  the  situation.  That  is  whether  liquids 
invariably  descend  at  a  rapid  rate  depends  on  the  amount  swallowed,  the 
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force  of  the  swallowing  movement  and  the  degree  of  contraction  of  the 
gullet. 

The  act  of  swallowing  inhibits  the  vagus  center,  for  deglutition 
increases  the  pulse  rate.  The  influence  upon  the  heart  beat  is  dependent 
upon  neither  the  amount,  character,  nor  temperature  of  the  food  swal- 
lowed; it  is  influenced  only  by  the  reflex  act  and  the  consummation  of 
other  acts.  Likewise,  it  also  exerts  an  inhibitory  influence  upon  respi- 
ration. This  is  very  evident  during  rapid  drinking,  in  an  animal  with 
a  tracheotomy  tube. 

Nerve  Action  in  Digestive  Processes. — The  reflex  center  for  the  salivary 
secretion  is  situated  in  the  medulla  oblongata,  near  the  origin  of  the 
ninth  and  seventh  cranial  nerves.  The  afferent  nerves  are  the  iierves  of 
taste — the  chorda  tympani  and  the  glossopharyngeal  and  sensory  branches 
of  the  trigeminus;  the  efferent  nerves  are  the  auriculotemporal  and  chorda 
tympani, 

Marckwald(lO),  referred  to  by  Cannon,  is  of  the  opinion  that  the 
part  of  the  nervous  system  to  which  the  afferent  impulses  travel  is  placed 
in  the  floor  of  the  fourth  ventricle,  above  the  center  of  respiration.  Howell 
points  out  that  "it  is  assumed  that  there  is  a  special  nerve  center,  the 
swallowing  or  deglutition  center,  which  has  been  located  in  the  medulla 
at  the  level  of  the  origin  of  the  vagi.'-'  However,  this  writer  is  somewhat 
skeptical  as  to  the  definite  existence  of  such  a  center.  If  we  agree  with 
Marckwald  and  others  that  the  center  of  deglutition  is  in  the  medulla, 
and  there  are  many  and  strong  points  in  favor  of  the  theory,  we  may  also 
assume  with  Cannon  "that  from  this  center  the  motor  impulses  pass  out, 
which,  distributed  by  a  variety  of  nerves,  produce  the  remarkably  rapid 
and  orderly  sequence  of  movements  that  give  the  bolus  its  initial  push 
and  continue  it  on  its  course." 

The  motor  fibers  concerned  in  this  perfectly  coordinated  and  complex 
mechanism  comprise  the  hypoglossal,  the  trigeminal,  the  glossopharyngeal, 
the  vagus  and  spinal  accessory. 

Wassilieff(ll)  made  an  observation  upon  himself  to  determine  the 
most  sensitive  areas  for  inducing  a  deglutition  reflex  and  to  ascertain, 
if  possible,  the  location  of  special  spots  in  the  mouth  and  pharynx.  Was- 
silieff  "swallowed  a  small  sponge  moistened  in  cocain  solution  and  im- 
mediately withdrew  the  sponge  by  means  of  a  thread  attached  to  it.  He 
found  that  his  ability  to  swallow  was  for  some  minutes  entirely  lost,  and 
the  saliva  which  was  abundantly  secreted  had  to  be  expectorated."  Many 
observers  have  endeavored  to  determine  the  exact  area  or  areas  in  the 
pharyngeal  membrane  from  which  the  sensory  impulses  liberating  the 
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reflex  usually  start.  Kahn  is  of  the  opinion  that  the  location  of  the  most 
effective  areas  from  whose  stimulation  the  reflex  may  be  produced  varies 
in  different  animals.  The  conclusions  reached  as  the  result  of  these 
experiments  were  that,  under  normal  conditions  of  ingesting  food,  the 
^^sensitive  spof '  can  be  stimulated  either  by  liquid,  buccal  contents  flow- 
ing back  upon  it  when  involuntary  swallowing  occurs,  or  by  the  more  or 
less  solid  food  masses  being  voluntarily  pushed  over  the  base  of  the  tongue 
and  back  into  the  pharynx. 

Two  mechanisms  are  necessary  to  control  the  course  of  a  bolus  of 
food  along  the  gullet;  one  requires  only  a  single  afferent  impulse  to 
start  it,  the  other  consists  of  a  succession  of  reflexes,  each  provided  with 
an  afferent  path,  leading  to  a  motor  discharge;  thus  the  bolus  by  its 
very  presence  causes  a  contraction  which  forces  it  downward  towards 
the  stomach.  This  accessory  mechanism  depends  on  the  integrity  of  the 
esophageal  tube,  and  has  been  called  the  loiver  reflex  mechanism,  and  its 
activity  secondary  peristalsis (12). 

Secretion  and  Action  of  the  Digestive  Juices — We  are  indebted  to 
Pavlov  (13)  and  Beaumont  for  original  researches  into  the  physiology 
of  the  digestive  process.  It  was  the  former  who  established  the  fact  of 
psychic  secretion,  which  we  now  know  to  be  a  most  important  factor  in 
digestion.  It  was  Beaumont  who  established  the  fact  that  gentle  exer- 
cise aided  the  digestive  process. 

SALIVA. — The  process  of  digestion  really  begins  as  soon  as  the  food 
enters  the  mouth,  and  comes  in  contact  with  the  first  digestive  fluid — 
saliva,  which  exerts  a  mechanical  chemical  action,  moistening  and 
softening  the  food  to  render  easier  the  task  of  swallowing  it  in  the  form 
of  a  bolus.  Under  insalivation  the  action  of  the  enzymes  found  in  the 
saliva  have  already  been  carefully  discussed.  The  chemical  changes 
occurring  in  the  mouth  during  digestion  are  well  worth  further  careful 
study.  As  already  stated,  the  chief  aim  of  digestion  in  the  animal  econ- 
omy is  the  reduction  of  the  ingested  food  substances  into  a  soluble  and 
absorbable  condition  so  that  they  can  pass  through  the  intestinal  mucosa 
after  terminal  digestion  has  completed  the  breaking  down  of  the  protein 
and  carbohydrate  molecules  with  the  saponification  of  the  fats,  ready  to 
replace  the  cellular  waste  throughout  the  body.    . 

The  salivary  juice  also  has  the  power  to  break  up  materials,  as 
starches,  into  maltose,  a  form  of  sugar.  The  active  transforming  prin- 
ciple in  saliva  is  an  unorganized  ferment  or  enzyme,  to  which  the  name 
ptyalin  has  been  given.  The  conversion  of  starch  into  dextrin  and 
maltose  by  the  saliva  is  known  as  the  amylolytic  action.     Its  action  is  by 
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mere  contact,  as  no  appreciable  change  in  quality  or  character  is  noted 
in  it  after  its  functions  are  performed,  and  so  active  is  it  that  it  is  able 
to  convert  two  thousand  times  its  own  weight  of  starch  into  dextrin  and 
maltose. 

Juices  of  the  Stomach  and  Intestines. — Secretion. — The  first 
stimulus  of  gastric  secretion  originates  in  the  mouth,  causing  a  flow  of 
gastric  juice  in  the  stomach;  while  the  furtherance  of  the  flow  depends 
upon  the  action  of  what  are  known  as  secretagogues. 

Howell (14)  holds  that  there  are  three  steps  in  the  mechanism  of 
the  secretion  of  gastric  juice:  (a)  psychical  secretion;  (&)  secretion 
from  secretagogues  contained  in  the  food;  (c)  secretion 'from  secreta- 
gogues contained  in  the  products  of  digestion.  Other  physiologists  hold 
to  the  opinion  that  the  secretagogues,  whether  present  in  food  or  formed 
during  digestion,  act  upon  the  pyloric  mucous  membrane,  stimulating 
the  production  of  a  substance  which  they  desigiiate  as  gastrin,  and  that 
this  substance,  after  absorption  into  the  blood,  is  carried  to  the  gastric 
glands,  stimulating  them  to  greater  secretion. 

Until  recent  years  it  was  held  that  the  secretion  of  the  gastric  juice  was 
chiefly  brought  about  by  the  mechanical  stimulation  of  the  mucous  mem- 
brane of  the  stomach  by  the  particles  of  food  introduced  into  it.  The 
elaborate  and  ingenious  experiments  of  Pavlov  (15),  however,  have 
shown  that  this  is  an  error  and  that  the  chief  factors  concerned  in  bring- 
ing about  the  secretion  of  gastric  juice  are  psychical  and  chemical,  and 
that  the  mechanical  action  plays  quite  a  secondary  part,  if  indeed  any 
part  at  all. 

It  was  shown  later,  however,  independently  by  Popielski — a  pupil  of 
Pavlov — that  the  injection  of  acid  into  a  loop  of  small  intestine  was 
followed  by  secretion  of'  pancreatic  juice  even  after  the  section  of  both 
vagi  and  destruction  of  the  sympathetic  ganglion  at  the  back  of  the 
abdominal  cavity. 

Bayliss  and  Starling,  experimenting  along  these  lines,  found  that  a 
secretion  of  juice  was  produced,  even  when  the  acid  was  introduced  in 
a  loop  of  the  intestine  entirely  free  from  any  possible  nervous  connec- 
tions with  the  rest  of  the  body.  It  was  evident,  therefore,  that  the 
stimulus  or  message  from  the  intestine  to  the  pancreas  which  causes 
secretion  of  the  latter  must  be  carried,  not  by  the  nervous  system,  but 
by  the  blood  stream.  After  repeated  experimentation  Starling  was  con- 
vinced that  something  must  be  produced  in  the  epithelial  cells  of  the  gut 
under  the  influence  of  acid,  and  that  this  product  of  the  epithelial  cells 
was  absorbed  in  the  blood  stream  and  was  the  active  agent  in  exciting 
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the  pancreas.  He  secured  several  duodeni  from  pigs,  the  mucous  sur- 
faces of  which  were  severely  scraped  and  the  scrapings  pounded  with 
dihite  hydrochloric  acid.  After  filtering,  he  injected  the  filtrate,  pro- 
ducing a  copious  flow  of  pancreatic  juice.  This  chemical  messenger,  or 
hormone,  he  called  secretin. 

Quality  and  Quantity  of  Secretion, — Certain  foods  contain  substances 
that  apparently  have  the  power  to  augment  the  secretion  of  gastric  juice 
— for  example,  meat  extract  and  meat  juices.  The  various  foods  also 
produce  gastric  secretion  of  varying  digestive  qualities;  for  instance, 
that  produced  by  bread  is  less  in  quantity  but  of  greater  digestive  power 
than  that  produced  by  meat.  The  power  of  producing  secretion  is 
entirely  wanting  in  the  white  of  egg.  The  gastric  juice  produced  by 
psychic  stimulation  is  always  of  the  same  quality.  Water  constitutes 
the  largest  proportion  of  gastric  juice  and  the  daily  secretion  of  gastric 
juice  amounts  to  one-tenth  of  the  weight  of  the  body.  There  is  little 
solid  matter  in  the  gastric  juice  of  man  and  animals,  considering  the  very 
large  amount  of  work  done  by  solid  materials  in  the  digestive  processes. 
Of  the  solids  present,  about  one-half  is  composed  of  inorganic  salts ;  the 
remaining  portion  comprises  the  organic  fermentj  or  enzyme,  present 
in  gastric  juice — pepsin. 

A  normal  gastric  secretion,  according  to  Howell,  is  a  clear,  thin,  almost 
colorless  liquid  with  a  strong  acid  reaction  and  a  characteristic  odor. 
Starling,  however,  says  the  gastric  juice  taken  from' a  fasting  animal  is 
a  pure  specimen.  This  is  quite  clear,  strongly  acid  and  without  smell. 
When  free  from  admixture  with  food,  the  acid  of  gastric  juice  is  entirely 
hydrochloric.  Human  gastric  juice  contains  probably  about  0.2  per  cent 
of  the  hydrochloric  acid.  The  presence  of  this  acid  is  essential  to  diges- 
tion, because  pepsin,  the  active  enzyme  of  the  gastric  juice,  requires  an 
acid  medium  in  which  to  act.  It  further  contains  one,  and  possibly  two, 
enzymes,  renin  and  lipase.  Lactic  acid  occurs  or  may  occur.  According 
to  Ott,  "during  digestion,  lactic,  acetic,  butyric,  and  other  acids  are  often 
present,  due  to  putrefactive  changes  and  the  presence  of  bacteria." 

The  following  analysis  of  the  composition  of  gastric  juice  is  accepted : 

Water    9,994.40 

Organic  matter 

Pepsin    3.19 

Inorganic  matter 

Chlorid  of  sodium    1.46 

Chlorid  of  potassium   0,55 

Chlorid  of  calcium   0.06 

Free    hydrochloric    acid    0.20 

Phosphate  of  calcium  ^ 

Phosphate  of  magnesium    i     0.12 —        5.60 

Phosphate  of  iron )  10.000.00 
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'No  reliable  estimates  of  the  exact  quantity  of  gastric  juice  or,  in 
fact,  of  any  of  the  digestive  fluids  are  obtainable  and  the  best  approxi- 
mate estimates  vary  greatly,  according  to  different  authorities.  The 
quantity  of  gastric  juice  is  sometimes  estimated  by  the  amount  of  pepsin 
and  acid  which,  outside  of  the  body,  are  required  to  digest  any  measured 
bulk  of  food. 

Lethby,  in  carrying  out  experiments  along  this  line,  estimated  that 
in  a  twenty-four  hour  period  the  human  stomach  secreted  14.11  pounds 
of  gastric  juice  and  0.44  pound  of  pancreatic  juice.  Competent  physi- 
ologists regard  this  estimate  as  wholly  fallacious,  for  the  pancreatic 
juice  is  much  more  active  than  the  gastric  juice,  having  ten  times  the 
work  to  do,  and  the  pancreatic  gland  cells  outnumber  the  gastric  cells. 
Moreover,  we  know  that  in  the  entire  human  body  there  are  about  four- 
teen pounds  of  blood,  and  it  does  not  seem  reasonable  that  a  quantity 
of  secretion  equal  to  the  whole  volume  of  blood  should  be  formed  by  a 
single  organ,  the  stomach.  If  this  were  so  it  would  require  very  rapid 
reabsorption  from  the  stomach,  otherwise  it  would  be  a  continuously 
overflowing  reservoir. 

Correlation  of  Eui^tctigns  by  Chemical  Action  of  Juices. — 
According  to  Starling  (16)  a  very  striking  correlation  exists  between 
the  activities  of  the  body  effected  by  chemical  means.  The  strongly 
acid  chyme  enters  the  first  part  of  the  duodenum.  The  epithelial  cells 
in  the  mucous  membrane,  stimulated  by  the  acid,  immediately  produce 
a  certain  amount  of  "secretin,"  which  is  carried  by  the  blood  stream  to 
the  cells  of  the  pancreas  and  excite  there  the  secretion  of  strongly  alka- 
line pancreatic  juice.  Starling  points  out  that  as  soon  as  sufficient  juice 
has  been  secreted  to  neutralize  the  acid  chyme,  both  the  formation  of 
secretin  and  the  further  secretion  of  pancreatic  juice  comes  to  an  end. 
So  long  as  the  stomach  contains  food,  the  process  is  renewed  by  virtue 
of  the  local  reflex  mechanism  which  we  have  alluded  to  and  which  will 
be  explained  in  greater  detail  in  this  chapter.  So  long  as  the  contents 
of  the  duodenum  are  acid,  the  pylorus  remains  firmly  closed ;  as  soon  as 
these  are  neutralized  the  pylorus  relaxes  and  allows  the  entrance  of  a 
further  portion  of  chyme.  Thus  the  secretion  of  secretin  continues 
afresh,  and  the  whole  chain  of  processes  goes  on  uninterruptedly  until 
the  stomach  is  empty  and  all  the  chyme  has  passed  into  the  intestine. 

In  studying  the  process  of  gastric  digestion  we  have  learned  that, 
(a)  the  chief  object  of  digestion  in  the  mouth  is  to  protect  and  assist 
the  stomach,  and  (h)  that  the  function  of  the  stomach  is  to  protect  the 
intestine.     Observations  upon  the  results  of  complete  removal  of  the 
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stomach  in  animals  as  well  as  in  man  have  shown  that  its  cooperation 
with  the  other  organs  of  digestion  cannot  be  regarded  as  completely 
essential  to  the  perfect  digestion  and  absorption  of  an  ordinary  mixed 
diet,  provided  the  food  be  administered  in  a  suitable  form. 

Functions    of    the    Stomach. — The    stomach    serves    to    perform    five 
important  functions; 

To  act  as  a  receptacle  for  the  chymification  of  food. 
To  churn  the  chymiiied  food  to  a  semifluid  consistency. 
To  partially  sterilize  the  macerated  pultaceous  mass. 
To  regulate  the  temperature  of  the  stomach  contents. 
To  bring  about  some  slight  degree  of  absorption. 

THE  STOMACH  AS  A  RESERVOIR.—  As  a  reservoir  the  stomach  is  indis- 
pensable, for  it  allows  of  the  digestion  and  storing  of  a  considerable 
quantity  of  food  at  a  time.  That  is,  it  renders  meals  possible,  obviously 
a  great  practical  convenience.  At  this  point  the  question  of  the  length 
of  the  intervals  between  meals  arises.  Hutchison  asks:  ''Is  it  better  to 
partake  of  several  small  meals  or  to  consume  one's  daily  supply  of  food 
at  one  sitting?"  He  answers  that  undoubtedly  several  small  meals  are 
far  preferable  to  one  or  two  very  large  meals  and  goes  on  to  point  out 
the  ''one  meal  a  day  man"  is  at  a  disadvantage,  because  he  is  apt  in  this 
w^ay  to  so  overburden  the  mechanical  powers  of  the  stomach  that  some  of 
the  constituents  of  the  food  are  partially  wasted ;  the  assimilative  powers 
of  the  tissues  being  overworked  to  keep  pace  with  the  flood  of  nutriment 
which  reaches  them  at  the  same  time.  The  chief  danger,  then,  of  eating 
too  much  at  a  meal  lies  in  overtaxing  the  digestive  powers  of  the  stomach. 
In  the  second  place,  the  habit  of  eating  large  quantities  of  food  at  a  meal 
is  apt  to  cause  dilatation  of  the  organ. 

Hutchison  emphasizes  the  fact  that  in  the  case  of  persons  of  feeble 
digestive  powers  the  limitation  of  the  quantity  of  food  digested  is  of  even 
greater  importance.  For  them  little  and  often  should  be  the  golden  rule. 
The  same  author  draws  attention  to  the  fact  that  there  is  evidence 
to  show  that  more  food  is  wasted  by  being  used  at  once  than  when  it 
is  spread  over  considerable  time.  "The  waste  chiefly  affects  the  pro- 
teins, which  are  the  most  rapidly  digested  of  the  constituents  of  the 
food,  and  is  partly  due  to  defective  absorption  and  increased  oppor- 
tunity for  intestinal  putrefaction.  Ranke,  for  instance,  found  that  if 
he  ate  1,800  grams  of  meat  at  one  time,  the  loss  by  the  bowel  amounted 
to  12  per  cent,  but  if  he  ate  this  same  amount  in  three  meals  the  waste 
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was  only  5  per  cent.  The  loss  of  protein  must  be  attributed  in  part  to 
defective  assimilation."  The  meal  hours  vary  greatly  in  different  parts 
of  the  same  country,  depending  largely  upon  convenience  and  habits  in 
regard  to  work;  but  it  is  conceded  that  it  is  best  to  have  dinner,  the 
principal  meal  of  the  day,  at  the  end  of  the  day's  work,  so  that  compara- 
tive repose  may  be  enjoyed  after  it.  As  a  matter  of  actual  observation, 
Voit  found  that  50  per  cent  of  the  day's  protein,  CI  per  cent  of  its  fat, 
and  32  per  cent  of  its  carbohydrate  was  taken  at  dinner. 

MACERATION  OF  FOOD  IN  THE  STOMACH. — The  second  function  of 
the  stonuu'h  is  to  uuicerate  the  food  to  a  semifluid  form.  This  is  partially 
accomplished  by  the  solvent  action  of  the  gastric  juice,  and  partly  by 
the  mechanical  movements  of  the  stomach  walls.  In  stiidying  the  move- 
ments of  the  stomach  one  must  distinguish  quite  sharply  between  the 
cardiac  and  pyloric  ends  of  the  organ.  There  is  no  doubt  that  this  dis- 
tinction is  not  grasped  as  clearly  as  it  should  be.  The  two  ends  are 
distinct,  both  anatomically  and  functionally.  The  cardiac  end  secretes 
both  pepsin  and  hydrochloric  acid,  the  pyloric  end  pepsin  alone;  the 
former  has  but  feeble  motive  power;  the  movements  of  the  latter  are 
frequent  and  powerful. 

The  experiments  of  Beaumont(lY)  confirm  the  above  statement. 
According  to  this  investigator  the  result  of  his  experiments  upon  a 
human  stomach  as  stated  by  Ott(8)  was  to  ascertain  that  a  very  feeble 
peristaltic  condition  begins  at  the  cardiac  orifice,  and  proceeds  towards 
the  pylorus  by  way  of  the  greater  curvature,  for  only  along  it  is  any 
movement  apparent.  The  wave  grows  stronger  until  the  special  band 
separating  the  .antrum  from  the  fundus  is  reached,  when  the  contraction 
becomes  so  strong  that  the  stomach  presents  an  hour-glass  appearance. 
Immediately  the  entire  antrum  contracts  at  one  time  as  a  unit;  so  that, 
if  the  contents  are  properly  acted  upon  by  the  gastric  secretion,  they  are 
propelled  by  this  movement  through  the  pylorus  into  the  duodenum. 

MovKMKNTS  OF  THE  Stomach.— With  regard  to  the  movements  of 
the  stomach  it  must  be  borne  in  mind  that  the  stomach  not  only  acts  as 
a  resen^oir,  but,  as  Cannon  has  pointed  out,  is  also  the  seat  of  important 
preparatory  stages  of  digestion.  In  fact,  the  movements  of  the  stomach 
are  best  studied  by  Cannon's  method  of  direct  observation  of  the  move- 
ments in  a  living  unanesthetized  animal  by  means  of  the  Rontgen  rays. 
Of  course,  to  entirely  comprehend  the  movements  of  the  stomach  one 
must  be  familiar  with  the  anatomy  of  the  organ.  Cannon  quotes  from 
a  paper  on  the  subject  oontributed  by  Cunningham  to  the  Transactions 
of  the  Boynl  Society  of  Edinhimjh   in   1900.     It,   1898,  Williams  and 
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Cannon  made  observations 
on  the  changes  of  form  of 
the  normal  human  stomach 
during  digestion.  ''They 
found  that  while  early  in 
the  process  of  gastric  diges- 
tion, when  the  subject  was 
standing,  the  grciiter  curva- 
ture might  reach  several 
centimeters  below  the  um- 
bilicus— the  pylorus  being 
then  considerably  below  this 
level — in  the  later  stages, 
as  the  stomach  shortens,  the 
pylorus  becomes  the  lowest 
point  The  changes  sug- 
gested that  the  contraction 
of  the  longitudinal  and 
oblique  fibers  between  the 
two  fixed  points  —  cardiac 
and  pylorus — resulted  in  a 
tendency  for  the  lumen  to 
take  a  more  nearly  straight 
course  between  the  two 
orifices." 

That  the  normal  stomach 
is  a  reservoir  with  the  py- 
loric outlet  its  lowest 
point,  is  held  by  some. 
This  view  is  in  keeping 
with  a  conception  that  has 
prevailed  among  surgeons 
who  assume  that,  with  the 
relative  positions  of  the 
stomach  and  pyloric  outlet 


Fig.  14. — Series  of  Radiographs 
Showing  the  Diastole  and 
Systole  in  the  Mechanical 
Movements  of  the  Stomach. 
(Morris'  "Human  Anatomy.") 
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as  stated  above,  the  stomach  is  emptied  by  gravity  drainage.  Camion 
contends  that  this  view  is  fallacious,  pointing  out  in  support  of  his 
assertion  that  in  the  "obviously  normal  stomach  of  the  dog  or  cat  the 
pylorus  is  at  nearly  the  highest  point  when  the  animal  is  in  the  stand- 
ing position,  and  that  the  so-called  ^normaF  human  stomach  could 
remain  satisfactory  for  gravity  drainage  only  so  long  as  a  person 
held  the  upright  position  or  lay  on  his  right  side."  Hence  the  theory 
that  the  emptying  of  the  stomach  is  regulated  by  gravity  may  be  con- 
sidered erroneous. 

It  has  been  mentioned  that  observation  of  these  movements  is  ren- 
dered possible  by  the  use  of  the  x-ray.  This  is  known  as  Cannon^s 
method.  Bread  and  milk,  mixed  with  a  quantity  of  bismuth  subnitrate 
or  bismuth  oxychlorid,  is  given  to  a  cat  in  such  a  way  as  to  make  the 
shape  of  the  stomach  visible.  When  the  stomach  of  a  cat,  which  has 
just  taken  such  a  meal,  is  examined  by  this  method,  the  whole  of  the 
food  is  seen  to  be  lying  in  the  fundus.  The  "transverse  band"  marks 
it  oif  from  the  pyloric  portion.  As  digestion  proceeds,  the  change  of 
form  in  the  pyloric  portion  is  relatively  slight.  The  first  region  to 
decrease  in  size  is  that  part  of  the  body  of  the  stomach  over  which  these 
waves  are  passing.  As  food  is  discharged  into  the  intestine,  the  circular 
muscle  of  this  middle  region  of  the  stomach  contracts  tonically  until  a 
tube  is  formed,  with  the  full  cardiac  pouch  at  the  upper  end  and  the 
active  pyloric  portion  at  the  other.  Along  the  tube  shallow  peristaltic 
waves  still  continue.  At  this  point  the  radiating  fibers  at  the  cardiac 
end  begin  to  squeeze  the  contents  into  the  tubular  portion.  This  process, 
accompanied  by  a  slight  shortening  of  the  tube,  continues  until  the 
shadow  cast  by  the  contents  is  almost  obliterated.  The  waves  of  con- 
striction moving  along  the  tubular  portion  press  the  food  onward  as  fast 
as  they  receive  it  from  the  contracting  cardiac  pouch,  and  when  the 
pouch  is  at  last  emptied  they  sweep  the  contents  of  the  tube  into  the 
vestibule.  There  the  operation  is  continued  by  deeper  constrictions, 
until  finally  nothing  but  a  slight  trace  of  food  is  to  be  seen  in  the 
cardiac  end.  The  changes  in  the  human  stomach,  as  revealed  by  x-ray 
and  post-mortem  examinations,  are  very  similar  to  these. 

Regarding  gastric  peristalsis,  two  views  have  long  been  held.  One 
is  that  the  stomach  is  completely  divided  at  the  transverse  band  by  each 
recurrent  wave;  the  vestibule  then  contracts  simultaneously  in  all  parts 
m  a  systolic  manner.  The  other  and  newer  view  is  that  the  waves  sweep 
from  their  origin  to  the  pylorus,  and  do  not  partition  the  stomach  into 
two  chambers. 
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Cannon  presents  and  examines  the  evidence  for  and  against  these 
views,  and  after  a  careful  analysis  of  these  arguments,  sums  the  subject 
up  thus:  he  acknowledges  that  the  evidence  does  definitely  prove  that 
the  circular  muscle  at  the  commencement  of  the  pyloric  portion  would 
be  capable  of  powerfully  contracting  and  completely  dividing  the  gastric 
lumen;  but  he  argues  that  what  the  stomach  might  be  capable  of  doing 
is  no  proof  of  normal  functioning,  and  after  carefully  weighing  the 
evidence  and  judging  from  his  o^vn  observations  he  concludes  that  no  com- 
plete division  of  the  stomach  at  the  transverse  band  normally  exists,  and 
that  when  it  does  occur  it  is  produced  as  the  result  of  unnatural  stimulation. 

Stress  is  laid  by  Cannon  on  the  importance  of  a  correct  conception 
of  the  movements  of  the  pyloric  portion  because  of  its  significance  for 
our  understanding  of  the  functions  of  this  part  of  the  stomach.  "If  the 
transverse  band  completely  closes  the  lumen,  and  the  vestibule  then 
undergoes  a  systolic  contraction,  the  function  of  this  portion  must  be 
mainly  one  of  expelling  the  food  into  the  duodenum.  On  the  other 
hand,  if  the  waves  swetep  without  interruption  over  this  region,  deep- 
ening as  they  go,  they  may  have  two  functions — that  of  expelling  the 
food  if  the  pylorus  opens,  and  that  of  mixing  the  food  with  the  gastric 
juice  if  the  pylorus  remains  closed.''  Cannon  also  believes  that  we  are 
justified  in  concluding  that  the  vestibule  has  a  more  important  function 
than  that  of  merely  expelling  gastric  contents  into  the  intestine.  Ewald 
is  of  the  opinion  that  the  plain  fact — "that  the  pyloric  portion  secretes 
a  strong  digestive  fluid — proves  it  to  be  an  important  part  for  the  pep- 
tonizing portion  of  the  stomach." 

Pyloric  Action. — It  will  be  apropos  to  introduce  here  the  manner  in 
which  the  pyloric  portion  performs  this  function.  Cannon  holds  that 
absorption  is  concerned  with  the  function  of  the  churning  action  in  the 
vestibule  brought  about  by  the  activity  of  the  vestibular  mucosa  aroused 
by  the  presence  of  acid,  peptone  or  sugar  solutions.  While  water  is  not 
absorbed  in  the  stomach,  glucose  in  concentrated  solutions  and  proteins 
which  have  been  exposed  to  gastric  digestion  may  be  absorbed  in  consid- 
erable amount.  Owing  to  the  fact  that  the  mucosa  of  the  vestibule  has 
many  less  glands  than  the  mucosa  of  the  cardiac  end,  the  absorption  that 
occurs  in  the  stomach  probably  takes  place  in  the  vestibule,  for  the  epi- 
thelial surface  there  is  most  favorable  to  the  process.  Also  gastric  diges- 
tion is  there  most  advanced  and  consequently  the  food  is  most  ready  for 
passage  through  the  mucosa.  Moreover,  in  the  vestibule  the  mechanical 
conditions  favor  absorption,  for  the  reason  that  the  digested  food  is  repeat- 
edly brought  into  very  close  contact  with  the  mucous  lining. 
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In  case  the  pylorus  does  net  relax  before  an  approaching  wave,  the 
food  cannot  escape  and  is  squeezed  back  into  a  fluid,  contractile  pouch, 
forming  an  axial  reflex  stream  towards  the  cardiac  end.  Cannon,  at  a 
meeting  of  the  Boston  Society  of  Medical  Sciences,  May  20,  1902, 
demonstrated  a  method  of  showing  the  churning  action  of  the  stomach 
and  the  activities  of  other  parts  of  the  alimentary  canal  by  means  of 
the  zoetrope.  lie  is  inclined  to  agree  with  the  older  writers  on  physi- 
ology who  attributed  to  the  pylorus  a  selective  action.  According  to 
their  views,  the  region  of  the  sphincter  was  supposed  to  possess  a  peculiar 
sensitiveness  which  caused  it  to  prevent  the  passage  of  undigested 
material  into  the  duodenum.  More  modern  investigators — Hofmeister, 
Schutz,  and  !Moritz — have  denied  the  existence  of  any  such  function, 
and  have  asserted  that  antiperistaltic  waves  carried  solid  particles  from 
near  the  exit  of  the  stomach  back  to  the  cardiac  end.  However,  from 
observations  made  by  Cannon,  it  appears  that  the  old  writers  were  cor- 
rect, for  the  action  at  the  pylorus  as  viewed  by  him  was  similar  to  that 
described  in  the  older  works  on  physiology. 

So  far  as  he  was  able  to  judge  ^'there  was  no  antiperistalsis  and  the 
sphincter  separating  the  fluids  from  the  solids  caused  the  solids  to  remain 
and  undergo  a  tireless  rubbing.  The  presence  in  themselves  of  peristaltic 
waves  on  the  right  half  of  the  stomach  and  their  absence  from  the  left 
half  indicate  two  separate  parts  of  the  stomach."  The  evidence  now 
before  us — and  Cannon  emphasizes  this  point — shows  that  these  two 
parts  have  distinct  functions.  The  left  half  is  a  reservoir  in  which  the 
food  is  not  mixed  with  the  gastric  secretion.  "From  this  side  the  con- 
tents are  slowly  pressed  out  into  the  active  half.''  The  peristaltic  waves 
coursing  over  the  right  half  mix  the  food  with  the  gastric  juice,  expose 
it  to  the  mucosa  of  the  vestibule  for  absorption  and  for  the  continuance 
of  gastric  secretion,  churn  the  unbroken  particles  of  food  until  they  are 
triturated  and,  Anally,  expel  the  chyme  into  the  duodenum. 

With  regard  to  the  opening  of  the  pylorus,  Starling(18)  states  that 
"this  depends  not  only  on  intragastric  events,  but  also  on  the  condition  of 
the  duodenum."  It  has  been  shown  by  Serdjukow  "that  the  pylorus  re- 
mains firmly  closed  so  long  as  the  contents  of  the  duodenum  are  acid.  If 
alkaline  fluid  is  introduced  into  the  stomach,  this  is  rapidly  passed  into  the 
duodenum.  If  at  the  same  time,  however,  some  acid  is  introduced  into 
the  duodenum  by  means  of  a  duodenal  flstula,  the  pylorus  remains  firmly 
dosed  and  no  fluid  passes  into  the  duodenum  until  the  acid  which  was 
placed  there  has  been  neutralized  by  the  secretion  of  pancreatic  juice 
and  succus  entericus."     From  this  fact  Starling  premises  that  we  have 
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probably  in  the  walls  of  the  alimentary  canal  a  local  nervous  mechanism 
for  the  movements  of  the  pyloric  sphincter,  whicii  may  be  played  on  by 
impulses  starting  either  in  the  stomach  or  in  the  .duodenum,  probably 
by  the  contact  of  acid  with  the  mucous  membrane.  Increasing  acidity 
on  the  side  of  the  stomach  causes  relaxation  of  the  orifice,  whereas 
acidity  on  the  duodenal  side  causes  contraction  of  the  pyloric  sphincter. 
Starling  confesses  that  the  exact  parts  played  in  this  mechanism  by  the 
local  system  and  by  the  central  nervous  system  respectively  have  not  yet 
been  thoroughly  interpreted,  although  there  is  no  doubt  that  these  move- 
ments may  proceed  independently  of  any  connection  with  the  central 
nervous  system. 

Cannon  has  confirmed,  by  numerous  observations,  the  conclusions 
reached  as  the  result  of  his  first  observations  on  the  stomach,  namely, 
that  in  normal  conditions  gastric  peristaltic  waves  are  continuously  run- 
ning, so  long  as  food  remains  in  the  organ. 

As  to  the  appearance  of  gastric  peristalsis,  it  may  be  noted  that  this 
part  of  the  stomach  movements  has  received  but  little  attention.  In  the 
experiments  of  Hedbloom  and  Cannon(19),  *'the  feeding  of  acid  food 
was  attended  by  especially  deep  and  rapid  peristaltic  waves,  while  the 
feeding  of  fatty  food  which  inhibits  gastric  secretion  was  usually 
attended  by  relatively  shallow  gastric  waves.  Although  there  is  this 
evidence  of  concomitant  variation  of  acid  gastric  contents  and  peristalsis, 
according  to  Cannon's  views,  it  is  not  proof  that  the  waves  are  the  result 
of  an  acid  stimulation.  He  is  disposed  to  believe  that  the  causal  relation 
does  not  exist  between  secretion  and  peristalsis,  but  between  those  two 
and  a  common  antecedent  factor."  So  far  as  the  movements  of  the 
stomach  are  concerned  these  points  stand  out  somewhat  prominently: 
first,  the  stomach  is  not  merely  a  reservoir,  but  is  in  itself  a  place  of 
active  digestion;  second,  it  is  not  emptied  by  gravity  drainage;  and 
third,  the  stomach  is  only  completely  divided  at  the  transverse  band 
when  unnatural  stimulation  is  exercised.  It  may  be  pointed  out  that 
the  cardiac  sac  is  an  active  reservoir  which  presses  out  its  contents  little 
by  little  as  the  churning  mechanism  in  the  pyloric  end  is  ready  to 
receive  it. 

There  is  a  good  deal  yet  to  be  learned  concerning  the  movements  of 
the  stomach  and,  perhaps,  especially  with  regard  to  gastric  digestion. 
Opinions  of  investigators  by  no  means  coincide  on  this  point,  or  rather, 
it  might  be  more  correct  to  say,  with  regard  to  certain  details.  On  the 
whole,  the  views  of  Cannon  are  regarded  as  most  worthy  of  respect 
because  he  was  a  pioneer  in  methods  of  observing  the  stomach  movements 
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with  accuracy.  It  has  not  been  the  intention  of  the  author  to  deal  with 
the  movements  of  the  stomach  exhaustively  or  very  closely,  but  rather 
to  discuss  the  matter  in  a  broad  way,  drawing  attention  to  points  which 
he  has  considered  of  the  greatest  importance  and  to  the  opinions  of  the 
best  known  authorities. 

STERILIZATION  OF  FOOD.— "Another  function  of  the  stomach  is  that 
of  partially  sterilizing  the  food  by  the  antiseptic  action  of  the  hydro- 
chloric acid  and  the  gastric  juice.  This  action,  however,  is  not  a  power- 
ful one  and  some  organisms,  such  as  those  that  form  acids,  seem  to 
escape  it  altogether.  There  is  reason  to  believe  that  the  same  is  true 
of  at  least  some  of  the  commoner  pathogenic  organisms — notably  the 
tubercle  bacillus."     Hutchison  further  states: 

"The  sterilizing  power  of  the  stomach  must  vary  greatly  according 
to  the  period  of  digestion  and  the  nature  of  the  food.  It  probably 
reaches  its  maximum  towards  the  later  period  of  digestion  when  hydro- 
chloric acid  is  present  in  the  free  state,  while  it  is  much  less,  or  even 
absent  altogether,  in  the  earlier  stages  when  all  the  hydrochloric  acid  is 
in  a  combined  form.  Food  rich  in  protein,  by  fixing  the  hydrochloric 
acid,  must  greatly  lessen  the  germicidal  power  of  the  gastric  juice.  Over 
the  growth  of  organisms  in  the  intestine  the  stomach  seems  powerless 
to  exert  any  control.  Even  in  cases  in  which  the  secretion  of  hydro- 
chloric acid  is  entirely  arrested,  or  in  which  the  stomach  has  been  com- 
pletely removed,  no  increase  in  the  amount  of  intestinal  putrefaction 
was  found  to  occur." 

REGULATION  OF  TEMPERATURE.— The  stomach  exercises  the  func- 
tion of  regulating  the  temperature  of  food  and  drink,  thus  serving  as  a 
protector  of  the  intestine,  which  appears  to  be  more  seriously  affected 
by  extremes  of  temperature  than  the  stomach  itself. 

The  activity  of  the  peristaltic  movements  of  the  stomach  may  be 
controlled  by  chemical  messengers,  hormones,  in  the  circulation,  although 
the  temperature  of  the  ternary  food  elements  may  also  either  inhibit 
or  augment  gastric  peristalsis.  Even  mere  mechanical  contact  seems  to 
exercise  some  little  stimulating  effect  Hot  food  is  more  agreeable  and 
stimulates  the  frequency  and  vigor  of  gastric  peristalsis ;  cold  food  excites 
gastric  activity  much  less. 

The  local  effects  of  extremes  of  temperature  in  the  stomach  are  very 
much  the  same,  whether  the  extreme  be  one  of  heat  or  of  cold.  In  each 
case  there  is  danger  of  exciting  gastric  catarrh.  Very  hot  foods  seem 
to  he  specially  dangerous  in  stomach  bleedings— e.gr.,  ulcer;  and  some 
authorities  say  that  the  special  liability  of  cooks  to  suffer  from  gastric 
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ulcer  is  to  be  attributed  to  their  constantly  tasting  very  hot  foods.  On 
the  other  hand,  it  is  claimed  that  very  warm  fluids  may  relieve  pain  in 
the  stomach  by  abolishing  pyloric  spasm. 

ABSORPTION  OF  FOOD.— Hutchisou  points  out  that  the  powers  of  ab- 
sorption of  the  stomach  are  notoriously  and  surprisingly  small.  This 
may  be  a  provision  of  nature  designed  for  the  protection  of  the  body. 
The  stomach,  in  addition  to  its  digestive  functions,  acts  as  a  testing 
laboratory  for  food,  as,  owing  to  its  extremely  deficient  absorptive  powers, 
it  has  time  to  neutralize  or  to  reject  injurious  substances  before  they  can 
enter  the  blood.  Alcohol  is  the  substance  which  the  stomach  absorbs 
most  readily,  a  fact  which  partially  explains  its  stimulating  action.  Most 
of  the  authorities  on  the  subject  are  of  the  opinion  that  the  process  of 
absorption  by  the  stomach  is  rather  of  the  character  of  a  physical  osmosis 
than  it  is  in  the  case  of  the  intestine.  A  large  quantity  of  secretion  is 
poured  out  during  the  process,  which  Hutchison  suggests  may  account 
for  the  fact  that  a  mixture  of  alcohol  and  sugar,  such  as  is  found  in 
sweet  wines  and  some  malt  liquors,  may  cause  "acidity"  of  the  stomach. 

The  question  of  absorption,  from  its  physiological  standpoint  as  well 
as  its  practical  bearing  on  dietetic  treatment  of  disease,  will  be  fully 
considered  in  Volume  III  of  this  work. 
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CHAPTER   VI 


THE  PHYSIOLOGY  OF  ENZYMES  AND  HORMONES  AS  AP- 
PLIED IN  THE  PROCESS  OF  DIGESTION 


Arthur  W.  Weysse,  Ph.D.,  M.D. 

Ferments. 

Nature  of  Enzymatic  Processes:  Specific  Action;  Temperature  Control; 
Reversibility. 

Classification  of  Enzymes:  Proteolytic  enzymes — Trypsin,  Pepsin;  Amylo- 
lytic  enzymes — Amylopsin;  Fat-splitting  enzymes — Lipase;  Sugar- 
splitting  enzymes — Invertase,  Lactase;  Peptolytic  enzymes — Erepsin; 
Coagulating  enzymes;  Oxidizing  enzymes;  Hormones — Secretin,  Gas- 
trin. 

Gastric  Digestion. 

As  pointed  out  in  the  previous  chapter,  the  digestion  of  food  takes 
place  through  a  number  of  complex  chemical  changes  brought  about  in  the 
alimentary  canal  by  the  action  of  certain  unorganized  ferments  referred 
to  physiologically  as  enzymes.  These  chemical  changes  give  rise  to  altera- 
tions in  the  physical  properties  of  food.  The  two  combined  permit  the 
assimilation  of  the  true  food  substances  with  the  rejection  of  the  waste 
products  as  refuse.  Enzymes  are  products  of  protoplasmic  changes ;  they 
are  complex  substances,  the  exact  nature  of  wliich  has  not  been  deter- 
mined. 

Ferments. — The  term  fermentation  was  applied  first  to  the  change  of 
sugar  into  alcohol  and  carbonic  acid  by  the  agency  of  yeast.  A  common 
definition  of  a  ferment  is  that  of  a  body  which  when  added  to  a  chemical 
system  is  capable  of  bringing  about  changes  in  that  system,  without 
either  imparting  energy  to  the  reaction,  being  consumed  itself  or  having 
any  share  in  the  formation  of  the  end  products. 

According  to  Starling,  minimum  quantities  of  ferment  can  induce 
chemical   changes  involving  almost   indefinite   quantities   of  other   siib- 
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stances,  the  only  result  of  increasing  the  quantity  of  ferment  being  to 
quicken  the  rate  of  change.  Since  ferments  are  effective  in  minimum 
doses,  they  occur  in  living  tissues  in  minute  quantities,  and  it  is  due 
partly  to  this  fact  that  up  to  the  present  time  it  has  proved  impossible  to 
procure  any  preparation  of  a  ferment  which  could  be  regarded  as  a  pure 
substance.  Moreover,  the  difficulty  of  isolating  them  is  increased  by  the 
fact  that  all  of  them  are  colloidal  or  semi-colloidal  in  character,  and  con- 
sequently present  the  tendency  common  to  all  colloids  of  adhering  to  other 
colloidal  matter  as  well  as  to  surfaces  such  as  those  presented  by  a  precipi- 
tate. 

Referring  again  to  the  term  fermentation,  it  may  be  pointed  out  that 
the  evolution  of  carbonic  acid  causes  frothing  and  bubbling,  hence  the 
name  fermentation;  yeast,  the  agency  which  brings  this  about,  was  de- 
nominated the  ^^ferment." 

APPLICATION  TO  THE  "GERM  THEORY."— It  is  interesting  in  this 
connection  to  note  that  the  ^'germ  theory"  of  disease  offers  an  explanation 
of  the  origin  of  infectious  diseases  by  considering  that  the  change  in  the 
system  is  of  the  nature  of  fermentation,  enzyme  action  produced  by  mi- 
crobes. Infection  is  caused  by  the  direct  conveyance  of  living  pathogenic 
microorganisms  or  their  products  from  individual  to  individual. 

It  is  only  within  recent  times  that  it  has  been  known  how  chemical 
changes  were  effected  by  the  germ  action.  It  is,  however,  now  a  matter 
of  common  knowledge  that  they  do  so  by  producing  agents  of  a  chemical 
nature  which  are  termed  enzymes.  Pasteur  showed  in  his  now  classical 
researches  that  the  activity  of  living  organisms  was  the  cause  of  fer- 
mentative action,  that  is,  in  the  former  sense  of  the  word,  alcoholic,  acid, 
and  putrefactive,  and  he  demonstrated  the  point  just  touched  upon  that 
many  diseases  are  likewise  due  to  the  activity  of  minute  living  organisms. 
Nature  of  Enzymatic  Processes — It  has  been  shown  that  there  is  no 
essential  difference  between  the  activity  of  living,  or  organized,  and  non- 
living, or  unorganized,  ferments.  As  Howell  points  out,  the  so-called  or- 
ganized ferments  probably  produce  their  effects  not  by  virtue  of  their 
specific  life  metabolism,  but  by  the  manufacture  within  their  substance 
of  specific  enzymes.  If  this  conclusion  can  be  accepted,  then  the  general 
e.xplanation  of  fermentation  is  to  be  sought  in  the  nature  of  the  enzymatic 
processes.  The  usual  standpoint  nowadays  from  which  the  mode  of  action 
of  enzymes  is  regarded  is  that  advocated  chiefly  by  Ostwald.  He  assumes 
that  the  enzyme  actions  are  similar  to  those  of  catalysis.  A  catalyzer  may 
be  defined  as  a  substance  which  alters  the  velocity  of  a  reaction,  but  does 
not  mitiate  it     The  subject  of  enzymic  action  is  so  nearly  analogous  to 
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that  of  inorganic  catalytics  that  the  general  opinion  considers  the  former 
action  a  catalytic  one. 

Already,  although  perhaps  it  may  seem  somewhat  like  putting  the 
cart  before  the  horse,  the  catalytic  theory  appears  to  have  most  of  the 
weight  of  evidence  on  its  side.  Nevertheless  it  may  still  be  termed  a 
theory. 

ACTION  OF  ENZYMES.— According  to  Starling,  it  may  be  concluded  that 
in  the  action  of  enzymes  on  the  food  substances,  whether  fat,  carbohydrate 
or  protein,  an  essential  factor  is  the  combination  of  the  enzyme  with  the 
substrate,  the  substance  upon  which  the  enzyme  acts.  Only  that  part  of 
the  substrate  which  is  thus  combined  with  the  enzyme  can  be  regarded  as 
the  active  mass  and  as  undergoing  the  hydrolytic  change.  What  is  the 
nature  of  this  combination  ?  Enzymes,  which  are  all  of  a  colloid  or  semi- 
colloid  character,  cannot  be  dealt  with  in  the  same  way  as  the  catalysts 
of  definite  chemical  composition,  such  as  molybdic  acid  or  nitrous  oxid.  In 
many  cases  the  substrate,  e.g.,  starch  or  protein,  is  also  colloidal,  and  the 
combination  therefore  falls  into  the  class  of  combinations  between  col- 
loids. In  this  w^ay  we  have  an  interaction  between  tw^o  substances  in 
which  the  absorption  by  the  surfaces  of  the  molecules  of  one  or  both  sub- 
stances plays  an  important  part,  although  this  absorption  is  itself  deter- 
mined or  modified  by  the  chemical  configuration  of  the  molecules.  In  the 
opinion  of  Starling,  therefore,  the  combining  of  ferments  with  their  sub- 
strates belongs  to  that  special  class  of  interactions  not  entirely  chemical 
and  not  entirely  physical,  but  depending  for  their  existence  on  a  co- 
operation of  both  chemical  and  physical  factors.  The  combinations 
formed  may  be  denominated  as  absorption  compounds. 

Enzymes  are  active  and  inactive.  A  large  number  of  enzymes  exist 
inactive  wdthin  the  cell,  and  even  when  contained  in  secretions  are  still 
inactive.  Other  enzymes  are  in  a  constant  state  of  preparedness  for 
immediate  action.  The  inactive  ones  are  spurred  into  activity  by  sub- 
stances known  as  activators  or  co-enzymes.  The  essential  facts  regarding 
enzyme  action  may  be  tabulated  in  the  following  way: 


Living  Cell 
Yeast  cell 
Salivary  cell 
Gastric  cell 

Enzyme  Produced 

Substrate 

Products   of  the 
A  ction 

Zymase 
Ptyalin 
Pepsin 

Dextrose 
Cooked  starch 
Protein 

Alcohol   and  carbon 

dioxid 
Dextrin  and  maltose 

Proteoses,    peptones 
and    amino-acids 
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Classification  of  Enzymes  According  to  Their  Activity. — The 
enzymes  which  play  a  part  in  the  digestion  and  absorption  of  food  may 
be  grouped  somewhat  roughly  as  follows ; 

(a)  Proteolytic  enzymes ^  those  which,  acting  upon  proteins,  split 
them  into  proteoses,  peptones  and  polypeptids,  and  finally  into  amino- 
acids.  Examples  in  animals  are  pepsin,  of  the  gastric,  and  trypsin,  of  the 
pancreatic,  juice.  In  plants  a  like  enzyme  exists:  bromelin  in  the  pine- 
apple and,  finally,  papain  in  the  pawpaw. 

(b)  Amylolytic  enzymes,  those  which  convert  starches  (polysaccha- 
rids)  into  sugar  with  intermediate  dextrin.  Thus,  ptyalin  found  in  the 
saliva  of  animals  is  an  example,  while  the  diastase  of  vegetable  seeds  is 
the  corresponding  enzyme  in  plant  life. 

(c)  Lipolytic  enzymes,  or  fat-splitting  enzymes,  those  which  split 
neutral  fat  into  glycerol  and  fatty  acids.  Lipase  found  in  the  pancreatic 
juice  is  an  example  from  the  animal  species.  Many  seeds  contain 
enzymes  of  a  similar  nature. 

{d)  Sugar-splitting  or  inverting  enzymes,  those  which  convert  disac- 
charids  into  monosaccharids.  Examples  are  invertase  of  yeast  cells  and 
invertase  of  the  intestinal  juice,  Avhich  convert  sucrose  (cane  sugar) 
into  equal  parts,  glucose  and  fructose,  otherwise  known  as  dextrose  and 
levulose.  Invertase  is  also  found  in  the  small  intestine.  Other  enzymes 
split  the  monosaccharids  by  hydrolysis. 

(e)  Feptolytic  enzymes,  those  which  split  proteoses  and  peptones  into 
polypeptids  and  amino-acids.  An  example  is  trypsin  of  the  intestinal 
juice. 

(/■)  Coagulating  enzymes,  those  which  convert  soluble  into  insoluble 
proteins.  Thrombin,  which  converts  the  soluble  protein  fibrinogen  into, 
fibrin  and  rennin,  the  milk-curdling  ferment,  are  examples  of  the  coagu- 
lating ferments. 

(^f)  Oxidizing  ferments  or  oxidizing  enzymes,  those  which  produce 
oxidation  and  are  mainly  found  as  intracellular  enzymes. 

The  following  list  is  by  no  means  complete,  but  includes  most  of  the 
more  important  enzymes,  the  existence  of  which  has  been  definitely  estab- 
lished in  the  human  body.  It  will  be  observed  that  the  majority  of  them 
are  involved  in  the  processes  of  digestion  in  the  alimentary  canal.  This 
preponderance  of  enzymes  concerned  in  the  digestive  and  absorptive  proc- 
esses is  merely  due  to  the  fact  that  more  is  known  regarding  digestion 
than  about  other  chemical  processes  which  take  place  within  the  cells  of 
the  body.     Some  of  these  individual  enzymes  will  be  considered  later, 
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PARTIAL   LIST    OF    THE 


Amylase  (pancreatic  diostaie)  Pancreatic  aecretion 


Act  on  Carbohydrates 


ENZYMES    CONCERNED    IN 
AND   NUTRITION* 

Where  Chieflt  Found 
Salivary  aecretion 


THE    PROCESSES    OF    DIGESTION 


Enzyue 

Ptyalin  (salivary  diatttaae) 


liver  glycoicenase 

(dia^itase) 

Muscle  glycogenaiie 
(diastase) 

Invertase  (sucraae) 
Maltase 

Lactase 
Glycolytic  (?) 


Act  on  Fats [^^^^  (ateapsia) 

Pepsin 


Act  on  Proteins . 


Trypsin 
Ere[>sin 


Liver 
Muscles 
Small  intestine 


Small  intestine,  salivary 
and  pancreatic  secre- 
tion 

Small  intestine 


Muscles  (?) 

Pancreatic  secretion,  fat, 
tissues,  blood,  etc. 

Gastric  juice 


Pancreatic  juice 
Small  intestine 


Group  of  autolytic  enzymes      Tissues  generally 


Deaminizing  Enzymes. 


Nucleases 


Guanase 


Adenase 


Pancreas,     spleen, 
mus,  etc. 


thy- 


Thymus,   adrenals,   pan- 
creas 


Spleen,  [>ancreas,  liver 


Deaminase  (?) 


Oxidase 


Tissues  p'enerally 


Lungs,  liver,  muscles,  etc. 


Reductase 

Tissues  geneially 

Catalase 

Many  tissues 

Arginase 

Liver,  spleen 

Hormones 
Secretin 

Duodenum 

Act  on  Proteins 

Gastrin 

Pyloric     mucous 
brane 

>  Howell,  W.  H. 

"Text-book  of  Physiology." 

Action 
Converts  starch  into  sugar 
(maltose) 

Converts  starch  into  sugar 
(maltose) 

Converts  glycogen  into  dex- 
trose 

Converts  glycogen  into  dex- 
trose 

Converts   cane    sugar    into 
dextrose  and  levuloec 

Converts  maltose  into  dex- 
trose 


Converts  lactose  into  dex- 
trose and  galactose 

Splits  and  oxidizes  dextrose 

Splits  neutral  fats  into  fatty 
acids  and  glycerin 

Converts  protein  into  pep- 
tones and  proteoses 

Splits  proteins  into  their 
constituent  amino-acids 

Splits  peptones  and  pro- 
teoses into  their  con- 
stituent amino-acids 

Splits  proteins  into  nitrog- 
enous bases 'and  amino- 
bodies 

Splits  nucleic  acid  with  for- 
mation of  purin  bases, 
etc. 

Converts  guanin  into  xan- 
thin  by  splitting  off  an 
NHj  group  as  ammonia 
(NH3) 

Converts  adenin  to  hypo- 
xanthin  by  splitting  off 
an  NHi  group  as  ammo- 
nia (NH3) 

Splits  off  the  NHi  group 
from  the  amino-acids  with 
the  formation  of  non-ni- 
trogenous organic  acids 

Causes  oxidation  of  organic 
substances,  as  in  the  con- 
version of  hypoxanthin  to 
xanthin  and  of  xanthin  to 
uric  acid 

Causes  reduction  or  deoxi- 
dation  as,  for  example, 
the  reduction  of  oxyhem- 
oglobin to  hemoglobin 

Decomposes  hydrogen  per- 
oxid 

Splits  arginin  with  produc- 
tion of  urea  and  ornithin 
(diaminovalerianic  acid) 


Stimulant      to 
secretion 


pancreatic 


mem-     Stimulant  to  gastric  glands 
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but  for  the  present  the  question  of  the  enzymes  will  be  only  dealt  with 
in  a  general  way. 

Specific  Action  of  Enzymes. — According  to  Halliburton,  the  spe- 
cific action  of  enzymes  is  as  a  rule  remarkably  definite  and  narrow. 
The  hydrolysis  of  the  three  principal  disaccharids,  cane  sugar,  lactose 
and  maltose,  is  effected  by  three  separate  enzymes,  none  of  which  will 
hydrolyze  the  remaining  two  sugars.  For  example,  arginin  is  split  by 
arginase  into  ornithin  and  urea,  but  arginase  will  then  act  on  arginin 
alone.  As  Halliburton  has  pointed  out,  the  simile  of  the  "lock  and  key,'' 
first  introduced  by  Eniil  Fischer,  will  enable  us  partly  to  comprehend 
this  action.  There  must  be  a  special  key  to  each  lock ;  in  a  similar  way 
the  chemical  configuration  of  an  enzyme  must  be  in  certain  respects 
related  to  the  configuration  of  the  substrate  to  allow  it  to  enter  and 
unlock  its  parts  so  that  they  are  loosened  from  one  another. 

Temperature. — Halliburton  has  drawn  attention  to  the  optimum 
temperature  of  enzyme  action  which  is  as  follows.  He  states  that,  "With 
the  rising  of  the  temperature  the  velocity  of  the  action  increases,  until  a 
temperature  is  reached  at  which  the  activity  is  greatest.  Most  enzymes  act 
best  at  40°  C,  but  there  are  exceptions.  For  instance,  malt  diastase  acts 
best  at  60°  C.  Beyond  the  optimum  temperature  a  further  rise  inhibits 
activity,  until  a  temperature  is  reached  which  destroys  the  enzyme.  This 
fatal  temperature,  as  a  rule,  is  in  the  neighborhood  of  50°  C.  The  effect 
of  a  rise  of  temperature  is  complex.  At  the  beginning  of  the  action  be- 
tween certain  limits,  the  law  of  Arrhenius  is  followed,  that  is,  a  rise  of 
10°  doubles  or  even  trebles  the  velocity  of  the  action  of  the  enzyme,  as  it 
acts  upon  other  chemical  reactions.  But  as  the  temperature  rises,  the 
velocity  of  disintegration  of  the  enzyme  also  increases.  The  optimum 
temperature  is  that  at  which  the  enzyme  work  is  best  done — a  tempera- 
ture at  which  the  accelerating  effect  is  strong  enough  to  finish  the  reaction 
quickly,  and  the  retarding  effect  due  to  enzyme  destruction  is  not  so  great 
as  to  neutralize  the  accelerating  effect."  An  enzyme  is  practically  inex- 
haustible. He  further  states  that  a  small  amount  of  enzyme  will  act  on 
an  unlimited  amount  of  substrate,  provided  sufficient  time  be  given,  and 
provided  also  that  the  products  of  action  be  removed.  The  enzyme  ap- 
pears to  take  a  share  in  intermediate  reactions,  and  there  is  evidence  that 
in  some  stages  it  combines  with  the  substrate ;  subsequently,  however,  when 
the  substrate  breaks  up  into  simpler  materials,  the  enzyme  is  liberated 
unchanged,  and  is  ready  to  act  in  a  similar  manner  on  a  fresh  quantity 
of  substrate. 

Reversibility. — A  very  important  part  of  enzyme  action  is  its  re- 
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versibility.  It  is  well  known  that  under  favorable  conditions  many  chem- 
ical reactions  are  reversible.  If,  for  example,  as  pointed  out  by  Starling, 
maltase  obtained  from  yeast,  or  from  the  so-called  takadiastase,  be  added 
to  a  solution  of  maltose,  the  latter  is  hydrolyzed  to  glucose.  The  process 
of  hydrolysis  stops  short  of  complete  inversion  at  a  point  varying  with 
the  concentration  of  the  sugar  solution.  Thus  in  a  10  per  cent  solution  of 
maltose,  inversion  proceeds  until  1)8  per  cent  of  the  maltose  is  converted 
into  dextrose,  whereas  in  a  40  per  cent  solution  the  change  stops  short 
when  85  per  cent  sugar  has  undergone  inversion.  Croft  Hill  showed  that 
if  the  maltase  was  added  to  a  40  per  cent  solution  of  dextrose,  a  change 
took  place  in  the  reverse  direction,  which  proceeded  until  85  per  cent  of 
the  glucose  was  left.  "This  phenomenon  is  due  to  the  fact  that  two  re- 
actions are  always  taking  place  in  opposite  directions.  Simultaneously 
with  the  splitting  up,  the  synthetical  reaction  begins  and  synthesis  or 
building  up  increases  in  proportion  as  the  splitting  of  the  compound  ad- 
vances. The  velocity  of  the  splitting  process  decreases  at  the  same  rate 
as  the  velocity  of  the  synthetic  process  increases.  At  a  certain  point  both 
have  the  same  velocity,  and  therefore  no  further  change  occurs  in  the 
mixture  when  this  condition  of  equilibrium  is  reached.  This  rule  may 
be  expressed  by  writing  the  chemical  equation  connected  by  a  double 
arrow  instead  of  the  sign  of  equation. 

C2H5.OH       +         CH3.COOH    <>    CH3.COOC2H5  +      H2O 

(Ethyl-alcohol)  (Acetic  acid)  (Ethyl-acetate)  (Water) 

CeHioOe         +        CeHi^Oe  <>  C,^B.,,0,,  +  H^O 

(Dextrose)  (Levulose)  .  (Cane  Sugar)  (Water) 

"This  phenomenon  is  termed  ^reversibility,'  and  as  mentioned  previ- 
ously was  first  demonstrated  by  Croft  Hill  in  his  experiments  with  cane 
sugar  and  invertase." 

Howell  has  pointed  out  and  emphasized  the  carefully  conducted  ex- 
periments of  Kastle  and  Loewenhart,  who  have  obtained  an  excellent 
example  of  this  double  effect  in  experiments  upon  lipase,  the  enzyme 
which  in  the  body  acts  upon  the  neutral  fats,  converting  them  into  fatty 
acids  and  glycerin,  a  process  which  takes  place  as  a  usual,  if  not  neces- 
sary, step  in  the  digestion  and  absorption  of  fats.  These  investigators 
employed  a  simple  ester  analogous  to  the  fats,  ethyl-butyrate,  and  demon- 
strated the  fact  that  lipase  caused  not  only  a  hydrolysis  of  this  substance 
into  ethyl-alcohol  and  butyric  acid,  but  also  a  synthesis  of  the  two  last 
named  substances  into  ethyl-butyrate  and  water.     Consequently,  the  reac- 
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tion  effected  by  the  lipase  is  reversible  and  as  a  chemical  equation  may 
be  expressed  as  follows: 

CsH.COOC^H,       +         H^O    ^±         CsH.COOH      +       C,1I,0K 
Ethyl-butyrate  Water  Butyric  Acid         Ethyl-alcohol 

Howell  thinks  that  lipase  is  capable  probably  of  exerting  a  similar 
reversible  reaction  on  the  fats  in  the  body.  Acting  on  the  assumption 
that  such  is  the  case,  it  is  possible  to  explain  not  only  the  digestion  of 
fats,  but  also  their  formation  in  the  tissues  and  their  absorption  from  the 
tissues  during  starvation.  That  is,  according  to  the  conditions  of  concen- 
tration, etc.,  one  and  the  same  enzyme  may  cause  a  splitting  up  of  the  neu- 
tral fat  into  fatty  acids  and  glycerin  or  a  storing  up  of  neutral  fat  by  the 
synthesis  of  fatty  acid  and  glycerin.  Arguing  from  the  results  of  ex- 
periments, it  would  therefore  appear  that  fat  may  be  stored,  to  a  certain 
point,  or  if  the  conditions  are  altered,  that  the  fat  which  is  in  the  tissues 
may  be  changed  into  the  fatty  acids  and  glycerin  and  be  oxidized  in  the 
body  as  food. 

As  Halliburton  shows,  in  intracellular  action,  this  reversibility  of  en- 
zymatic action  is  a  factor  of  importance,  for  the  same  enzyme  can,  in  the 
presence  of  different  proportions  of  the  substrate  and  its  cleavage  prod- 
ucts, both  tie  the  knot  in  anabolism  and  untie  it  in  katabolism.  It  should 
also  be  noted  that  hydrolytic  actions  are  isothermic,  that  is,  the  total 
energy  of  the  products  is  equal  to  that  of  the  substance  broken  up. 

A  similar  reversibility  has  been  exhibited  by  some  of  the  other  en- 
zymes of  the  body.  In  fact,  what  Halliburton  aptly  terms  the  simpler 
logarithmic  law  of  enzyme  action  has  been  demonstrated  for  the  major- 
ity of  enzymes,  invertase,  trypsin,  erepsin,  etc.  Also  the  eifect  in  a  given 
time  is  directly  proportional  to  the  quantity  of  enzyme  present.  Pepsin, 
however,  is  an  exception  to  this  so-called  logarithmic  law  of  enzyme  ac- 
tion, a  fact  to  which  Schultz  first  drew  attention  in  1885.  It  was  discov- 
ered by  this  investigator  that  peptic  activity  is  proportional  to  the  square 
root  of  the  amount  of  pepsin  present. 

Action  of  Specific  Enzymes. — As  mentioned  before,  it  would  be 
impossible  and  even  unnecessary  in  a  work  of  this  nature  to  discuss  at 
length  each  and  every  enzyme  or  ferment,  therefore  only  some  of  the 
more  important  involved  in  the  processes  of  digestion  and  absorption  will 
be  briefly  described. 

Trypsin. — Of  the  proteolytic  enzymes,  those  which  act  on  proteins, 
trypsin  is  of  the  greatest  moment.  Corvisart  was  the  first  to  point  out  the 
digestive  action  of  pancreatic  juice  on  proteins,  but  it  was  reserved  for 
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Kiihne  to  subject  the  action  of  the  extracts  of  the  gland  to  a  thorough 
investigation.  Finally  it  was  demonstrated  that  pancreatic  juice  as  se- 
creted is  free  from  proteolytic  effects,  and  that  this  power  can  only  be 
developed  by  bringing  about  some  change  in  the  juice  itself,  a  conversion 
of  trypsinogen  into  tryj)sin.  Under  normal  conditions  this  change  is 
induced  immediately  by  the  action  of  a  substance,  enterokinase,  after 
the  juice  pnters  the  gut.  According  to  Starling,  the  pancreatic  juice 
thereby  acquires  a  proteolytic  activity  superior  to  that  of  any  other 
digestive  juice,  so  that  the  proteins  of  the  food  undergo  a  very  thorough 
disintegration.  ^'Trypsin  acts  in  an  alkaline  medium;  pepsin,  the  gastric 
enzyme,  in  an  acid  medium.  Try])sin  acts  more  rapidly  than  pepsin,  and 
more  powerfully  upon  certain  proteins  which  are  difficult  of  digestion 
in  gastric  juice.  Acting  on  solid  proteins,  such  as  fibrin,  it  eats  them 
away  from  the  surface  to  the  interior.''  Trypsin  acts  further  than  pepsin, 
and  rapidly  splits  up  the  proteose  and  peptone  which  have  left  the  stom- 
ach into  simpler  substances,  the  polypeptids.  In  their  turn  the  polypep- 
tids  are  resolved  into  their  constituents,  amino-acids.  In  addition  there 
is  a  certain  amount  of  ammonia,  when  once  the  peptone  stage  is  passed, 
and  the  products  of  further  cleavage  no  longer  give  the  biuret  reaction. 
Accordingly,  they  are  frequently  termed  abiuretic.  Two  important  dif- 
ferences are  to  be  noted  between  trypsin  and  pepsin :  trypsin  is  by  far  the 
more  powerful  and  rapid  catalyst;  pepsin  cannot  cleave  polypeptids  into 
amino-acids  as  trypsin  can.  They  both  work  together  in  normal  condi- 
tions in  perfect  harmony.  The  preliminary  action  of  pepsin  is  beneficial, 
as  trypsin  cleavage  occurs  more  readily  after  pepsin  has  acted  on  a  pro- 
tein. 

Pepsin. — Although  a  typical  proteolytic  enzyme,  pepsin  is  distin- 
guished from  the  others  in  that  it  acts  on  acid  media  only.  The  combined 
action  of  pepsin  and  hydrochloric  acid  results  in  peptic  digestion.  The 
effects  of  its  action  are  mainly  exhibited  on  the  protein  of  the  food. 
Temperature  has  an  influence  on  its  action,  low  temperature  retardijig 
and  a  high  temperature  increasing  it.  Pepsin  may  be  extracted  from 
the  gastric  mucous  membrane  by  a  variety  of  methods. 

But  while  trypsin  and  pepsin  are  the  direct  activators  of  digestion 
and  absorption  of  proteins  in  the  intestine,  these  must  be  activated  or 
brought  into  action  by  some  other  agent  or  agents.  It  was  believed  up 
to  a  comparatively  short  while  ago  that  it  was  solely  due  to  the  acid 
reflex  that  the  pancreatic  gland  was  spurred  into  action. 

.    The    Hormones:   Secretin   and   Gastrin, — Bayliss   and    Starling   and 
their  co-workers  state  that  the  activation  of  the  pancreas  is  not  due  to  an 
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acid,  which  reflexly  inhibits  the  secretion  of  the  pancreas,  but  is  induced 
by  some  unknown  substance  acting  either  through  the  circulation  or  by 
reflexly  stimulating  the  nerve  centers,  and  thus  producing  an  increase  in 
the  flow  of  pancreatic  juice.  Pavlov(l)  was  the  first  to  suggest  this  the- 
ory as  the  result  of  experiments  made  by  himself  and  co-workers ;  but  he 
was  uncertain  whether  this  activating  agent  wielded  its  power  through 
the  medium  of  the  nervous  system  or  through  the  blood  stream.  To  Ba}^- 
liss  and  Starling  belongs  the  honor  of  clearing  up  this  matter  and  of  dem- 
onstrating by  careful  investigations  that  the  stimulus  or  message  from 
the  intestine  to  the  pancreas  which  accelerates  the  secretion  of  the  latter 
must  be  carried,  not  by  the  nervous  system,  but  by  the  blood  stream. 
Therefore  the  messenger  is  a  chemical  one  and  was  termed  by  the  dis- 
coverers "secretin"  or  "pancreatic  secretin'^  to  differentiate  it  from  other 
possible  members  of  the  same  class.  The  general  appellation  for  such 
chemical  messengers  is  hormone,  from  the  Greek,  opfxaveiv,  to  excite. 

As  Beveridge  has  pointed  out (2),  chemically  no  proof  has  as  yet 
been  adduced  to  show  exactly  what  secretin  is.  It  is  not  a  ferment  but  a 
protein  substance  of  low  molecular  weight,  the  activity  of  which  is  greatly 
impaired  by  boiling.  Secretin  exerts  a  distinct  physiological  action  upon 
the  pancreas,  augmenting  its  secretions.  This  action  is  not  a  reflex  one, 
as  for  instance  stimulating  the  nerve  supply  by  a  chemical  irritation,  but 
a  direct  one  conveyed  through  the  blood  stream.  In  all  probability  it 
acts  upon  the  secretory  cell  itself.  In  addition  to  stimulating  into  activity 
the  pancreatic  gland,  secretin  possesses  other  functions.  These  functions 
have  been  demonstrated  by  Delezenne  and  Frouin,  working  at  the  Pasteur 
Institute  in  Paris.  They  were  able  to  show  that  secretin  is  capable  of 
exerting  a  physiological  action  which  undoubtedly  increases  the  supply 
of  8UCCUS  entericus.  Finally  it  remained  for  Hallion  to  show  that  secretin 
possessed  the  property  of  increasing  the  peristalsis  of  the  small  and  the 
large  intestines. 

Starling(3)  lays  down  the  following  characteristics  of  hormones  if 
they  are  to  fulfill  the  part  of  chemical  messengers. 

(a)  In  the  first  place,  they  must  not  be  antigens,  i.e.y  their  injection 
into  the  blood  stream  must  not  evoke  the  production  of  an  antibody.  If 
this  were  the  case,  the  hormone  on  entering  the  blood  stream  would  meet 
its  antibody  and  would  be  unable  to  exert  any  effect  upon  the  appropriate 
reacting  organ.  Practically  all  the  complex  colloid  bodies  allied  to  the 
proteins,  e.g.,  ferments,  egg  albumin,  peptone  and  sera  of  different  ani- 
mals, when  injected  into  the  blood  stream  cause  the  production  of  a  cor- 
responding antibody.     The  hormones  must  be  simpler  in  character  than 
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such  substances  and  probably  have  a  precise  and  comparatively  simple 
chemical  or  molecular  constitution. 

{h)  Since  they  must  be  carried  by  the  blood  stream  to  the  reacting 
organ  they  must  in  most  cases  be  susceptible  to  easy  passage  through  the 
walls  of  the  blood  vessels  if  they  are  to  excite  a  reaction  within  a  fairly 
short  space  of  time. 

(c)  As  a  rule,  the  chemical  messenger  must  excite  a  state  of  activity 
in  response  to  a  change  in  some  other  part  of  the  body.  When  the  pri- 
mary change  passes  away,  the  action  of  the  hormone  should  also  dis- 
appear. On  this  account  it  is  necessary  that  the  hormone  should  either 
be  susceptible  of  easy  destruction  by  oxidation  or  otherwise  in  the  fluids 
of  the  body,  or  be  readily  excreted  so  that  its  action  may  not  be  continued 
indefinitely. 

As  stated,  it  is  more  than  likely  that  hormones  are  the  activating 
agents  which  impel  all  secreting  glands  to  perform  their  normal  functions. 

In  1906  Edkins  expressed  the  belief  that  a  hormone  excited  gastric 
secretion  in  the  same  way  that  secretin  acted  upon  the  pancreatic  gland. 
This  investigator  showed  that  decoctions  of  the  pyloric  mucous  mem- 
brane, made  by  boiling  in  water,  acid  or  peptone  solutions,  when  injected 
into  the  blood  cause  a  marked  secretion  of  gastric  juice.  These  substances 
when  injected  alone  into  the  blood  cause  no  such  effect,  and  decoctions 
of  the  mucous  membrane  of  the  fundic  end  of  the  stomach  are  without 
action  on  the  gastric  secretion.  He  therefore  suggested  that  the  secre- 
togogues, whether  preformed  in  the  food  or  formed  during  digestion,  act 
upon  the  pyloric  mucous  membrane  and  form  a  substance  which  he  terms 
gastrin  or  gastric  secretin,  and  that  this  substance  after  absorption  into 
the  blood  is  carried  to  the  gastric  glands  and  stimulates  them  to  secre- 
tion (4). 

Howell,  in  commenting  upon  the  chemical  action  of  the  hormones, 
points  out  that,  leaving  aside  for  the  moment  the  way  in  which  the 
secretogogues  excite"  the  secretion,  it  is  important  to  emphasize  the 
fact  that  in  the  normal  secretion  of  gastric  juice,  that  is  to  say,  in  the 
secretion  which  takes  place  during  an  ordinary  meal,  a  distinction  must 
be  made  between  a  nervous  secretion  due  to  the  action  of  the  secretory 
fibers  in  the  vagus  and  a  chemical  secretion  due  to  the  chemical  stimula- 
tion of  the  secretogogaies  or  of  the  hormones  produced  by  them.  The  same 
authority  further  points  out  that  "the  researches  of  Pavlov  and  his  fellow 
workers  seem  also  to  indicate  that  the  quantity  and  properties  of  the  secre- 
tion vary  with  the  character  of  the  food.  The  quantity  of  the  secretion 
varies,  also,  other  conditions  being  the  same,  with  the  amount  of  food  to  be 
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digested.  The  apparatus  is  adjusted  in  this  respect  to  work  economically. 
Diiferent  kinds  of  food  produce  secretions  varying  not  only  as  regards 
quantity  but  also  in  their  acidity  and  digestive  action.  The  secretion 
produced  by  bread,  though  less  in  quantity  than  that  caused  by  meat, 
possesses  a  greater  digestive  action.  On  a  given  diet  the  secretion  assumes 
certain  characteristics,  and  Pavlov  is  convinced  that  further  work  will 
disclose  the  fact  that  the  secretion  of  the  stomach  is  not  caused  normally 
by  general  stimuli  all  affecting  it  alike,  but  by  specific  stimuli  contained 
in  the  food  or  produced  during  digestion,  whose  action  is  of  such  a  kind 
that  it  arouses  reflexly  the  secretion  best  adapted  to  the  food  ingested." 

With  regard,  then,  to  the  secondary  secretion  of  gastric  juice,  Pavlov 
and  Popeilski  were  of  the  opinion  that  it  was  excited  by  a  local  stimu- 
lation of  the  reflex  nervous  apparatus  in  the  gastric  wall.  Edkins  came 
to  the  conclusion  that  it  was  caused  by  a  chemical  mechanism  produced 
in  this  manner.  The  pyloric  mucous  membrane  is  acted  upon  by  the 
first  products  of  digestion,  thereby  producing  in  the  membrane  a  sub- 
stance which,  absorbed  into  the  blood  stream  and  conveyed  to  all  the 
glands  of  the  stomach,  excites  them  to  secretory  activity;  hence  the  hor- 
mone, gastrin.  This  point  has  been  referred  to  already,  but  it  is  of  such 
importance  that  it  seems  wise  to  lay  especial  stress  upon  it  again.  A 
phase  of  the  question  to  which  attention  is  drawn  by  Starling(4)  is  that 
gastrin  (i.e.,  the  gastric  hormone)  is  produced  in  that  portion  of  the 
stomach  in  which  the  process  of  absorption  is  most  pronounced. 

Two  factors,  therefore,  enter  into  the  production  and  excitation  of 
the  flow  of  normal  gastric  secretion.  The  most  important  is  of  nervous 
origin,  and  the  second,  which  has  just  been  discussed,  is  of  chemical 
origin.  It  has  not  been  decided  yet  whether  gastrin  is  secreted  in  the 
pyloric  mucous  membrane  only,  or  whether  its  production  goes  on  in  the 
lower  gut  Recent  researches  appear  to  uphold  the  belief  that  the  dis- 
tribution of  gastrin  is  uniform  throughout  the  gastric  mucosa.  It  is 
said  to  have  been  found  in  small  concentrations  in  the  duodenum;  and 
it  has  been  said  that  its  presence  has  been  demonstrated,  although  with 
some  difficulty,  in  the  esophagus. 

The  problem  of  gastric  digestion  has  greatly  occupied  the  attention 
of  research  physiologists.  Keeton  and  Koch  hold  the  view  that  gastrin 
causes  a  true  gastric  flow  rather  than  a  simple  vasomotor  response.  Ex- 
periments appear  to  show  that  this  view  is  logical.  These  investigators 
also  conclude  that  gastrin  is  of  a  chemical  nature  different  from  that  of 
pancreatic  secretin  and  that  it  is  a  specific  substance. 

There  is  yet  a  great  deal  to  be  learned  concerning  the  hormones.    In 


NATURE    OF   ENZYMATIC    PROCESSES  157 

fact,  knowledge  regarding  them  and  their  action  is  still  in  its  infancy 
and  the  results  recorded  from  the  various  investigations  may  seem  some- 
what inchoate  and  confusing  to  the  practical  man.  However,  a  founda- 
tion has  been  laid  upon  which  may  be  and  probably  will  be  built  a  super- 
structure of  amazing  proportions.  It  would  seem  to  have  been  proven 
conclusively  that  pancreatic  secretin  is  the  activator  of  the  pancreatic 
gland  and  that  its  action  is  chemical.  Surely  this  is  a  beginning  which 
opens  a  vista  of  immense  possibilities  not  only  for  successful  treatment 
but  for  the  prevention  of  various  chronic  diseases.  According  to 
Starling(3),  secretin  (a)  increases  pancreatic  secretions  if  true  organic 
changes  have  not  occurred,  (/;)  aids  protein  digestion,  (c)  stimulates  a 
low  urea  output,  (d)  exerts  no  favorable  action  in  the  digestion  or  break- 
ing down  of  the  carbohydrate  molecule,  and  (e)  increases  peristalsis. 

Amylase. — Of  the  amylolytic  enzymes,  amylase  contained  in  the 
pancreatic  juice  may  be  taken  as  the  most  conspicuous  example.  This 
enzyme  converts  starch  into  maltose  more  rapidly  than  the  other  enzymes 
perform  their  several  duties.  Amylase  will  even  act  on  unboiled  starch. 
The  absence  of  the  enzyme  in  the  pancreatic  juice  of  infants  is  an  indi- 
cation that  milk,  and  not  starch,  is  their  natural  diet. 

Lipase. — Of  the  fat-splitting  enzymes  lipase  contained  in  the  pan- 
creatic juice  splits  fats  into  glycerol  and  fatty  acids.  The  fatty  acids 
unite  with  the  alkaline  bases  present  to  form  soaps.  Halliburton  points 
out  that  "when  a  glycerin  extract  of  pancreas  is  filtered  the  filtrate  has 
no  lipoclastic  action  and  the  material  deposited  on  the  filter  is  also  in- 
active; but  on  mixing  it  with  the  inactive  filtrate  once  more,  a  strongly 
lipoclastic  material  is  obtained.  In  this  fashion  lipase  may  be  separated 
into  two  fractions:  the  material  on  the  filter  is  inactive  lipase;  the  ma- 
terial in  the  filtrate  is  its  co-enzyme  which  is  not  destroyed  by  boiling. 
The  salts  of  the  bile  also  stir  to  action  the  inactive  lipase,  which  explains 
the  fact  that  bile  exerts  an  action  in  fat-splitting.  Because  of  its  alkaline 
properties  pancreatic  juice  assists  in  the  emulsification  of  fats.  It  like- 
wise possesses  the  power  of  liberating  fatty  acids,  which  form  soaps  with 
the  alkali  present."  It  is  held  by  some  that  the  presence  of  protein  in  the 
pancreatic  juice  renders  it  especially  adapted  to  the  purpose  of  emulsifi- 
cation, but  we  cannot  agree  with  this  teaching. 

Invertase. — Of  the  sugar-splitting  enz\Tnes  invertase  may  be  taken  as 
a  type.  As  mentioned  previously,  the  inverting  enzymes  capable  of  con- 
verting the  disaccharids  into  the  monosaccharids  are  three  in  number. 
As  a  matter  of  fact,  it  is  the  succus  entericus  which  possesses  this  pow^r, 
but  it  owes  it  to  three  enzymes;  invertase  which  inverts  cane  sugar  or 
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lather  converts  cane  sugar  into  dextrose  and  levulose;  maltase  which  con- 
verts maltose  into  dextrose ;  and  lactase  which  acts  upon  lactose,  converting 
milk  sugar  into  dextrose  and  galactose.  This  inverting  action  is  neces- 
sary to  prepare  the  carbohydrate  food  for  nutritive  purposes. 

Interaction  of  the  Enzymes  in  the  Succus  Entericus. — The  in- 
testinal juice  and  its  action  were  up  to  a  few  years  ago,  comparatively 
speaking,  a  terra  incognita.  It  was  known  that  the  enzymes  referred  to 
possessed  the  above  mentioned  powers,  but  beyond  this  it  was  a  blank. 
Since  then  more  light  has  been  thrown  upon  the  subject  and  it  is  now 
freely  recognized  that  the  succus  entericus  is  a  juice  of  the  first  impor- 
tance. As  Pavlov  has  demonstrated,  one  of  its  main  actions  is  to  rein- 
force and  intensify  the  proteolytic  power  of  the  pancreatic  juice.  A  mix- 
ture of  pancreatic  and  intestinal  juice  is  remarkably  powerful.  If,  as 
Starling  has  shown,  secretin  is  administered  to  a  fasting  animal,  the  juice 
secreted  having  no  food  to  act  on  will  produce  erosion  and  inflammation 
of  the  intestinal  walls.  Dixon's  and  Hamil's  work  has  greatly  elucidated 
the  question  of  the  mechanism  of  pancreatic  secretion.  As  Halliburton 
shows,  according  to  these  investigators,  there  are  in  the  pancreas  three 
precursors  of  enzymes,  to  wit,  protrypsinogen,  proamylase  and  prolipase. 
Secretin  combines  chemically  or  at  any  rate  acts  chemically  on  all  three ; 
it  liberates  amylase  and  lipase  from  their  precursors  and  these  two  active 
enzymes  pass  into  the  pancreatic  juice.  Further,  it  sets  trypsinogen  free 
from  protrypsinogen,  and  trypsinogen  passes  into  the  juice,  and  lastly 
trypsinogen  is  converted  into  the  active  enzyme  trypsin  by  the  entero- 
kinase  of  the  succus  entericus. 

How  then  does  enterokinase  perform  its  activating  functions  ?  It  may 
be  explained  by  the  fact  that  it  is  capable  of  transforming  the  zymogen, 
trypsinogen,  into  the  powerful  enzyme  trypsin.  J.  Mellanby  and  Wooley 
explain  how  this  is.  brought  about,  thus :  trypsinogen  is  a  complex  con- 
sisting of  trypsin  united  to  a  protein  moiety,  and,  so  long  as  the  enzyme 
is  combined  in  this  way,  it  is  inactive.  Enterokinase  is  the  proteolytic 
enzyme  which  absorbs  and  then  digests  this  protein  moiety,  thus  liberating 
the  trypsin.  Otto  Cohnheim  made  another  discovery  with  respect  to  sue- 
cwi  entericus.  The  juice  has  no  action  on  native  proteins  such  as  fibrin 
and  white  of  e^g,  but  it  does  act  on  proteoses  and  peptones.  Cohnheim 
termed  the  enzyme  to  which  this  is  due  erepsin.  The  discovery  has  been 
confirmed  by  other  observers,  but  it  has  also  been  found  that  erepsin  or  a 
similar  enzyme  is  present  in  most  of  the  tissues,  and,  according  to  Vernon, 
it  is  most  abundant  in  the  kidney. 
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Gastric  Digestion. — The  problem  of  gastric  digestion  has  greatly  occu- 
pied the  studious  attention  of  research  physiologists  for  several  decades. 
Especial  interest  has  been  taken  and  numerous  investigations  have  been 
nuule  to  determine  the  extent  and  manner  of  the  participation  of  the 
stomach  in  the  essential  processes  of  digestion  and  the  role  played  by 
the  intestinal  tract  in  this  all-important  function.  It  is  now  believed 
by  many  that  the  stomach  is  unimportant  as  a  digestive  organ,  and  that 
its  main,  if  not  only,  purpose  is  to  serve  as  a  receptacle  for  the  masti- 
cated foodstuffs.  It  is  argued  that  the  small  intestine,  on  account  of  the 
various  juices  which  are  poured  into  it,  is  easily  capable  of  acting  as 
the  digestive  agent  of  the  entire  body. 

The  wonderful  digestive  properties  of  the  body  have  been  amply 
demonstrated  experimentally  by  excising  the  stomachs  of  dogs  and  by 
uniting  the  esophagus  with  the  small  intestine.  This  radical  operation 
in  no  way  impaired  the  activity  of  their  digestive  functions.  It  is  even 
stated  that  dogs  which  had  undergone  this  operation  were  able  to  digest 
putrefying  meats  without  the  aid  of  the  antiseptic  action  of  the  gastric 
juice.  At  any  rate,  recent  physiological  investigations  have  proven  that 
the  digestion  in  the  stomach  is  by  no  means  so  complete  as  was  formerly 
thought.  However,  the  stomach  in  its  capacity  is  a  digestive  organ  and 
does  perform  at  least  one  important  function,  that  of  partially  digesting 
protein.  The  small  intestine  can  not  only  digest  protein,  but  also  fats, 
starches  and  sugars.  The  stomach  does  the  preliminary  work  of  warm- 
ing, maceration  and  chymification  of  the  food,  and  thus  relieves  the  small 
intestine  of  a  good  deal  of  work  in  the  final  processes  of  digestion.  (See 
Volume  I,  Chapter  V.) 

Summary. — The  paramount  importance  of  enzymes  and  hormones  in 
the  physiology  of  digestion  and  absorption  is  now  completely  evident.  In- 
deed, so  far  as  intestinal  digestion  and  absorption  are  concerned,  the  en- 
zymes stimulated  by  the  hormones  are  doubtless  the  main  factors.  When 
the  work  of  these  internal  secretions  becomes  impeded  the  entire  ma- 
chinery of  the  alimentary  tract  gets  out  of  order  and  disease  and  ill  health 
are  the  result. 
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CHAPTER   VII 

PHYSIOLOGY   OF   ABSORPTION 
John  C.  Hemmeter,  M.D.,  Ph.D.,  Sc.D.,  LL.D. 

Absorptive  Powers  of  the  Digestive  Organs:  Absorption  in  the  Stomach; 

Absorption  in  the  Small  Intestine;  Absorption  in  the  Large  Intestine; 

Absorption   in   the  Rectum. 
Absorption  of  Food:   Absorption  of  Fats;   Absorption  of  Carbohydrates; 

Absorption  of  Proteins — Amino-acids. 
Role  of  White  Corpuscles. 
Diffusion;  Dialysis  and  Osmosis. 

In  previous  chapters  the  chemical  and  physical  processes,  by  which  the 
food  taken  into  the  digestive  apparatus  is  gradually  transformed  into 
such  chemical  substances  as  are  suitable  to  become  integral  constituents 
of  the  body,  have  been  described. 

These  transformations  constitute  what  is  usually  referred  to  as  "diges- 
tion," and  the  average  practitioner  thinks  no  further  of  this  process.  But 
it  is  clear  that  the  significance  of  the  digestive  process  for  the  welfare 
of  the  organism  does  not  depend  so  much  upon  what  is  ingested  nor 
upon  what  is  digested  as  upon  the  quality,  quantity  and  chemical  consti- 
tution of  the  end  products  of  digestion  that  are  permitted  to  enter  that 
large  cell  state,  designated  as  the  living  body.  The  study  of  absorption, 
therefore,  is  more  essential  to  a  correct  understanding  of  human  dietetics 
than  the  chemistry  of  digestion. 

Quantity  and  Quality  of  Food  Ingested. — An  important  factor  to  be  taken 
into  consideration  is  the  quantity  and  quality  of  food  that  is  ingested. 
Excesses  of  food  are  as  injurious  as  unsuitable  food.  The  object  of  the 
dietitian  should  be  to  ascertain  the  character  and  quantity  of  food  best 
adapted  to  conserve  the  physical  powers  and  mental  faculties  of  the  indi- 
vidual and  to  instruct  him  to  partake  of  such  food  with  due  discretion.  By 
following  this  path  diseases  may  be  avoided  and  happy  and  healthy  old 
age  reached. 

161 
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Physiological  Test. — What  then  constitutes  a  food  regime  which  will  go 
far  to  ward  oif  ill  health  and  be  an  important  factor  in  the  conservation  of 
the  physical  and  mental  capacities  at  their  highest  point?  In  order  that 
a  food  should  supply  the  necessary  energy  or  driving  power,  as  well  as 
sustaining  power,  Hutchison,  when  discussing  the  ternary  food  elements, 
points  out  that  "it  is  not  enough  that  it  should  contain  a  considerable  pro- 
portion of  protein,  carbohydrates  and  fat,  and  should  be  capable  of  yield- 
ing energy  on  oxidation."  The  caloric  value  of  a  food  is  of  the  utmost 
moment,  but  food  must  also  be  of  such  a  nature  that  it  can  be  easily  di- 
gested in  the  stomach  and  more  or  less  completely  absorbed  into  the  blood. 
A  great  many  substances  might  readily  pass  the  chemical  and  physical 
tests  and  yet  be  of  no  value  as  food  if  they  could  not  be  digested  and 
absorbed.  Hence,  the  manner  in  which  food  behaves  in  the  stomach  and 
intestine  must  be  taken  into  consideration  before  any  opinion  can  be  pro- 
nounced upon  its  value  as  an  article  of  diet. 

This  then  may  be  termed  the  'physiological  test.  The  expression  di- 
gestihility  is  employed  in  a  different  sense  by  the  physiologist,  by  the 
layman  and,  indeed,  by  the  physician.  When  the  physiologist  applies 
the  term  "indigestible"  to  an  article  of  diet,  he  means  that  such  food  is 
imperfectly  absorbed  into  the  blood.  To  avoid  confusion,  however,  we 
will  adhere  to  the  popular  usage  of  the  expression  "digestibility,"  and 
employ  the  term  "absorbability,"  as  suggested  by  Hutchison,  to  indicate 
the  ease  with  which  the  constituents  of  a  food  can  pass  from  the  stomach 
and  intestine  into  the  circulation. 

The  ease  with  which  food  is  or  is  not  absorbed  Is  a  fairly  accurate  crite- 
rion of  its  value.  If  it  is  absorbed  with  difficulty  it  is  not  a  suitable  food. 
A  number  of  experiments  have  been  carried  out  in  recent  years  with  the 
view  to  ascertaining  the  degree  to  which  the  different  constituents  of 
various  foodstuffs  are  absorbed  into  the  blood  and  lymph.  The  majority 
of  these  were  conducted  in  Europe.  A  few  have  been  done  in  this 
country. 

The  following  table,  from  researches  by  Rubner  and  Atwater,  sum- 
marizes the  results  in  round  numbers. 

The  mode  of  experiment  consists  in  analyzing  the  food  to  be  inves- 
tigated, and  then,  from  an  examination  of  the  feces,  ascertaining  the  pro- 
portions of  its  protein,  carbohydrate  and  fat  which  escape  absorption. 
An  analysis  of  this  kind  does  not  reveal  accurately  the  proportion  of 
nitrogen  and  fat  of  the  feces  which  is  derived  from  other  sources  than 
the  food  ingested.  However,  the  important  point  is  this :  by  some  diets 
more  nitrogen  and  fat  are  excreted  from  the  body  than  by  others.     Irre- 
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Percentage  of  Protein,  Fat  and  Carbohydrates  Absorbrd  from  Dry  Substances 

IN  Vakiois  Foods 


Meats  and  Fish    

K^'Jis    

Milk    

Hutter    

MarjiJirine    

Fine  Wlieat  Bread.. .  . 

Mai/e   ^leal   

Macaroni     

Rice    

Peas     

Beans    

French  Beans    

Potato   puree    (in   sma 

quantities    

Potatoes  in  general. , . 

Cabbage    

Carrots    

Beet  Root 


Dry 
Substance 


05 
91 


05  ;i 

03 

95 

96 

99 

82 

85 


80i 

85 

79 


Protein 


I'ractieally  all 

Practically  all 

SS  to  100 


HI  to  100 

89 

81 

84 

82i 

70 


80i 

70 

8U 

61 

72 


Fat 


70  to  02 

96 
93  to  98 

08 

90 
? 

? 

7 
9 
? 


Carbohydrates 


00 
97 
97i 
99 

96i- 
? 


Practically  all 
92* 

84i 

82 

82 


spective  of  the  source,  loss  to  the  body  is  equally  indicated.  Therefore, 
each  constituent  of  the  food  material  should  be  considered  separately. 
But  before  going  into  this  phase  of  the  subject  the  question  of  food 
absorption  will  be  considered  at  greater  length. 

Digestion  means  that  food  material  is  converted  into  an  absorbable 
form.  If  foods  are  not  absorbed,  they  cannot  be  assimilated  and  thus 
become  in  fact  an  integral  part  of  the  body,  nor  can  their  products  be 
utilized  for  body  energy.  It  follows  then  that  digested  food  must  dimin- 
ish in  quantity  as  it  passes  along  the  alimentary  tract,  and  that  the  feces 
contain  only  the  undigested  or  indigestible  residue. 
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ABSORPTION   IN   THE   STOMACH 

Absorption  of  food  in  the  mouth  and  esophagus  is  very  slight,  if  any, 
owing  to  the  fact  that  the  epithelium  is  thick  and  that  the  food  passes 
quickly  through  these  parts.  In  the  stomach,  absorption  is  also  slight.  It 
is  possible  that  there  may  be  absorption  of  the  following  substances :  water ; 
salts,  sugars  and  dextrins  that  may  have  been  ingested  as  such ;  the  prote- 
oses and  peptones  formed  in  the  peptic  digestion  of  proteins  or  albuminoids. 
In  addition  absorption  of  soluble  or  liquid  substances,  drugs,  alcohol,  etc., 
may  occur.     The  most  recent  observations  seem  to  show  that  alcohol  is 
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absorbed  to  some  extent.  It  was  formerly  assumed  without  definite  proof, 
that  the  stomach  absorbed  easily  such  things  as  water,  salts,  sugars  and 
peptones.  Nevertheless,  actual  experiments  made  under  conditions  as 
nearly  normal  as  possible  have  demonstrated  that  absorption  in  the 
stomach  does  not  readily  take  place,  at  least  not  with  the  ease  that  it 
takes  place  in  the  intestine. 

Experiments  Showing  the  Actual  Course  of  Digestion. — Methods  of 
various  kinds  have  been  employed  in  such  experiments,  but  the  classical 
one  and  that  most  productive  of  results  was  the  establishment  of  a  fistula 
immediately  beyond  the  pylorus.  When  a  fistula  in  this  situation  has 
been  made,  food  may  be  given  to  the  animal  and  the  contents  of  the 
stomach  extracted  and  examined  as  it  passes  out  through  the  pyloric 
opening. 

In  a  series  of  Dapers  published  by  London  a  few  years  ago  and 
referred  to  by  Starling,  the  course  of  digestion  for  various  kinds  of  meals 
was  observed  in  dogs  which  had  been  provided  with  fistula?  in  one  of  the 
following  places:  (a)  gastric  fistulse  (into  the  fundus  of  the  stomach); 
(h)  pyloric  fistula?  (on  the  duodenal  side  of  the  pylorus)  ;  (c)  duodenal 
fistulse  (on  the  duodenal  side  of  the  pylorus;  (d)  duodenal  fistulse  (about 
one  foot  below  the  pylorus)  ;  (e)  jejunal  fistulse  (about  the  middle  of  the 
small  intestine)  ;  (/)  ileum  fistulse  (just  below  the  cecum).  A  meal  com- 
posed of  200  grams  of  bread  which  the  animal  ate  and  swallowed,  mixed 
with  saliva,  was  used  for  the  experiment.  Previous  to  the  arrival  of  the 
food  in  the  stomach,  the  psychic  secretion  of  gastric  juice  had  been  started 
by  the  vagi ;  the  food  hormones  and  gastric  hormones  continued  the  secre- 
tion and  formed  a  series  of  special  experiments  in  which  the  average  200 
grams  of  bread  were  found  to  excite  the  secretion  of  20  grams  of  saliva, 
about  10  grams  of  mucus  from  the  coats  of  the  stomach  and  about  315 
grams  of  gastric  juice. 

COURSE  IN  THE  STOMACH.— According  to  London's  researches,  quoted 
by  Starling,  "the  secretion  of  gastric  juice  was  continuous  during  the 
entire  time  that  the  food  remained  in  the  stomach.  In  the  animal  with 
a  pyloric  fistula,  one  or  two  minutes  after  the  meal  had  been  given,  a 
few  drops  of  alkaline  fluid  were  extruded  from  the  opening.  From 
three  to  eight  minutes  after  the  conclusion  of  the  meal  small  quanti- 
ties of  clear  acid  gastric  juice  were  repeatedly  extruded.  The  first 
admixture  of  the  food  with  the  outflow  from  the  fistula  occurred  at 
eight  or  twelve  minutes  after  the  completion  of  the  meal,  and  after  this 
time  the  pylorus  continued  to  open  at  regular  intervals  of  ten  to  forty 
seconds,  discharging  each  time  a  small  amount  of  fluid  composed  of  par- 
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tides  of  undigested  bread  mixed  with  gastric  juice.  One  and  a  half 
hours  later  the  pylorus  began  to  open  less  regularly  and  the  fluid  became 
of  a  more  pasty  consistence,  devoid  of  lumps  of  undigested  bread.  In 
the  fourth,  fifth  and  sixth  hours  after  the  meal,  the  pylorus  opened  only 


Vundus  of  stomach 


(Esophagus  (pars  abdominalis) 


Cardia 


I 


Sphincter  pylori, 
Pyloric  valve 


Tunica  mucosa 


Tela  submucosa 


Tunica 
muscularia 


Tunica  serosa 
Plicae  mucosa 


Duodenum 
(pars  superior) 


Pars  pylorica 


Fig.  15. — View  of  the  Interior  of  the  Stomach.     The  tunica  mucosa,  tunica  mus- 
cularis,  tunica  serosa,  tela  submucosa  and  plicae  mucosae.    (Allen's  "Anatomy.") 


once  every  two  or  three  minutes,  and  towards  the  end  of  this  period,  the 

fluid  extruded  was  clear.     The  following  table  shows  the  percentage  of 

food  ingested  which  left  the  stomach  at  the  end  of  each  hour  after  the 

meal: 

First  hour  32.6  per  cent 

Second  hour 17.0  per  cent 

Third  hour 29.5  per  cent 

Fourth  hour    187  per  cent 

Fifth  hour   6.66  per  cent 

Sixth   hour    4.21  per  cent 
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The  large  proportion  of  the  ingested  food  leaving  the  stomach  during  the 
first  two  or  three  hours  can  hardly  be  regarded  as  normal.  Since  in  these 
experiments  there  was  a  free  outflow  from  the  pylorus  and  the  food  was 
not  allowed  to  enter  the  duodenum,  the  local  reflex  evoked  by  the  pres- 
ence of  acid  in  the  duodenum  was  absent.  The  gastric  contents  obtained 
in  this  way  were  analyzed  in  order  to  find  what  changes  had  been  wrought 
upon  the  food  by  the  gastric  juice.  It  was  found  that  32  per  cent  of  the 
bread  had  been  brought  into  solution.  This  solution  had  affected  the 
proteins  more  than  the  carbohydrates.  Thus  67  per  cent  of  the  proteins 
had  been  brought  into  soluble  form,  consisting  chiefly  of  albumoses  and 
peptones.  No  amino-acids  were  found.  Only  25  per  cent  of  the  starch 
of  the  bread  had  been  rendered  soluble,  and  of  this,  21  per  cent  was  in 
the  form  of  dextrin  and  4  per  cent  in  the  form  of  sugar.  Tobler,  who 
worked  with  exact  physiologic  conditions,  found  that  20  to  30  per  cent 
of  the  nitrogen  of  meat  is  absorbed  from  the  stomach  ( 1 ) . 

DUODENAL  DIGESTION.— "The  influence  exerted  by  the  pancreatic 
juice,  bile  and  succus  entericus,  poured  out  on  the  food  in  the  duodenum, 
was  studied  by  analysis  of  the  intestinal  contents  leaving  the  intestine 
through  a  fistula,  either  at  the  lower  end  of  the  duodenum,  in  the  jeju- 
num, or  in  the  ileum.  Prom  the  duodenal  fistula  the  expulsion  of  food 
occurred  at  repeated  intervals,  but  in  a  somewhat  irregular  fashion.  Its 
movements  were-  determined  partly  by  the  contractions  of  the  stomach 
and  partly  by  those  of  the  duodenal  wall.  Usually  a  large  gush  was  fol- 
lowed by  a  series  of  small  gushes.  Although  only  a  foot  intervened  be- 
tween the  duodenal  and  the  pyloric  fistulse,  a  great  difference  was  ob- 
served in  the  character  of  the  intestinal  contents  obtained  in  the  two  cases. 
The  outflow  from  the  duodenum,  being  mixed  with  the  pancreatic  juice 
and  the  bile,  was  yellow  in  color  and  increased  in  amount.  With  a  meal 
of  200  grams  there  was  secreted  on  the  average  130  grams  of  bile  and 
140  grams  of  pancreatic  juice.  During  the  passage  of  the  meal  through 
the  duodenum  the  carbohydrates  of  the  food  underwent  considerable 
changes,  so  that  even  one  foot  below  the  pylorus  we  found  that  one-half  to 
three-fifths  of  the  carbohydrates  had  been  converted  into  dextrin  and 
sugar.  A  further  digestion  of  the  proteins  also  took  place,  amounting  to 
about  one-tenth  of  the  whole  protein  taken  with  the  food.  On  deducting 
the  amount  of  juices  which  had  been  added  to  the  food,  it  was  found 
that  even  over  this  short  length  of  intestine  absorption  of  about  one-sixth 
of  the  ingested  food  had  taken  place — about  one-fourth  of  the  carbo- 
hydrates and  about  one-eighth  of  the  proteins. 

LOWER  INTESTINAL  DIGESTION.— 'In  a  dog  with  a  fistula  about  the 
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middle  of  its  small  intestine,  the  outtiow  began  six  to  fifteen  minutes  after 
the  meal,  and  lasted  six  or  seven  hours.  The  outflow  was  by  small  gushes 
repeated  at  intervals  of  five  to  ten  seconds,  separated  by  intervals  of  one 
to  five  minutes,  during  which  nothing  appeared  at  the  orifice  of  the  can- 
nula. The  material  obtained  was  cpiite  different  from  that  which  fiowed 
from  the  duodenal  fistula ;  the  pasty  consistency  had  disappeared  and  the 
material  formed  a  frothy,  orange-yellow,  jelly-like  mass  with  practically 
no  trace  of  undigested  bread." 

DIGESTION  IN  THE  ILEUM.—  "From  a  fistula  in  the  ileum  the  outflow 
occurred  at  long  intervals  of  three  to  fifteen  minutes,  was  much  scantier 
than  that  obtained  from  the  jejunal  fistula,  and  consisted  of  a  thick 
jelly-like,  orange-colored  mass.  Both  proteins  and  carbohydrates  were 
entirely  digested,  and  in  the  case  of  the  former  the  chief  products  of  diges- 
tion consisted  of  amino-acids.  Thus  in  one  experiment,  after  four  large 
meals  of  500  grams  of  meat  each  had  been  given  in  order  to  obtain  suffi- 
cient quantity  for  analysis,  175  grams  of  soluble  substances  were  ob- 
tained. From  this  were  isolated  tyrosin,  leucin,  alinin,  aspartic  acid, 
lysin,  and  traces  of  arginin  and  histidin." 

DIGESTION  IN  THE  CECUM.— "From  a  fistula  in  the  cecum  there  was 
no  outflow  until  four  or  five  hours  after  the  meal  had  been  taken.  The 
material  from  the  gut  was  then  expelled  in  fecal-like  masses  at  long  inter- 
vals of  one-half  to  one  hour.  The  regular  outflow  lasted  for  about  six 
hours.  The  reaction  of  the  contents  was  strongly  alkaline,  with  no  food 
particles,  and  the  material  contained  merely  debris  of  cells,  with  small 
traces  of  sugar,  dextrin  and  unaltered  starch.  The  absorption  of  the 
foodstuffs  was  practically  complete  by  the  time  the  food  had  reached  the 
lower  end  of  the  small  intestine." 

The  foregoing  account  of  investigations  to  determine  the  actual  course 
of  digestion  and  absorption  is  somewhat  premature,  as  it  treats  of  the 
small  intestine  as  well  as  of  the  stomach.  Still  although  anticipating  the 
trend  of  this  chapter,  it  introduces  the  whole  question  of  absorption  from 
the  point  of  view  of  experimental  research. 

Absorption  of  Water. — To  revert  again  to  absorption  in  the  stomach  in 
particular,  experiments  have  shown  that  water  when  taken  alone  is  prac- 
tically unabsorbed  in  the  stomach.  It  has  been  demonstrated  that  as  soon 
as  water  is  introduced  into  the  stomaeli  it  commences  to  pass  into  the  in- 
testine, being  forced  out  in  a  series  of  spurts  by  the  contractions  of  the 
stomach.  Within  a  comparatively  short  time  practically  all  the  water 
can  be  recovered  in  this  way,  very  little  having  been  absorbed.  J.  von 
Mering  was  the  first  to  prove  experimentally  that  water  is  not  absorbed 
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from  the  stomach.  Starling  in  his  "Human  Physiology"  accepts  the 
fact  that  the  absorption  of  water  in  the  stomach  may  be  regarded  as  nil. 
Although  from  this  viscus,  alcohol  and  possibly  peptone  and  sugar  may 
be  absorbed  to  a  slight  extent,  water  or  saline  fluids  introduced  into  it 
are  passed  through  the  pylorus  either  without  change  or  are  increased 
by  the  secretion  of  fluid  from  the  gastric  glands.  Howell  holds  that 
alcohol  is  absorbed  readily  from  the  stomach  and  Hutchison,  Chittenden, 
Mendel  and  others  are  in  agreement  with  the  view.  Starling  and  Halli- 
burton, however,  state  that  alcohol  may  be  absorbed  by  the  stomach  to  a 
slight  extent. 

Absorption  of  Salts. — The  question  of  the  absorption  of  salts  from  the 
stomach  has  not  been  thoroughly  investigated.  Brandl  is  authority  for 
the  statement  that  sodium  iodid  is  absorbed  very  slowly  and  that  dilute 
solutions  of  it  are  not  absorbed  at  all.  Its  absorption  becomes  important 
only  when  its  solutions  reach  a  concentration  of  three  per  cent  or  more. 
Howell  is  of  the  opinion  that  this  result,  if  applicable  to  all  the  soluble 
inorganic  salts,  would  indicate  that  under  ordinary  conditions  they  are 
practically  not  absorbed  in  the  stomach,  since  it  may  be  supposed  that 
they  are  not  normally  swallowed  in  solutions  as  concentrated  as  3  per 
cent.  Solutions  of  strychnin  are  absorbed  with  difliculty  from  the  stom- 
ach, as  compared  with  the  intestines,  rectum,  or  even  the  pharynx.  It  is 
said  that  the  absorption  of  sodium  iodid  is  greatly  facilitated  by  the  use 
of  condiments — such  as  mustard,  pepper  or  alcohol — which  act  either  by 
causing  a  greater  hyperemia  of  the  mucous  membrane  or  perhaps  by 
directly  stimulating  the  epithelial  cells.  Salts  do  not  appear  to  be  ab- 
sorbed in  the  stomach  unless  present  in  great  concentrations  such  as  do 
not  occur  in  normal  diets. 

Absorption  of  Sugar  and  Peptones.--Although  the  absorption  of  sugars 
and  peptones  in  the  stomach  is  accomplished  with  difliculty,  experiments 
by  the  more  recent  methods  have  shown  conclusively  that  sugars  and  pep- 
tones may  be  so  absorbed.  In  the  course  of  the  investigations  different 
forms  of  sugar — dextrose,  lactose,  saccharose  (cane  sugar),  maltose  and 
dextrin — were  tested  with  the  result  that  it  was  found  they  were  all  sus- 
ceptible of  absorption ;  but  the  more  concentrated  the  solutions  the  greater 
was  the  absorption.  Brandl  has  reported  that  dextrose  and  peptone  are 
not  sensibly  absorbed  until  the  concentration  has  reached  5  per  cent. 
With  these  substances  also  the  ingestion  of  condiments  or  of  alcohol  in- 
creases distinctly  the  absorptive  processes  in  the  stomach.  Examination 
of  the  mucous  membrane  of  a  stomach  in  full  digestion  shows  that  it  con- 
tains albumoses  (Glaessner) — a  fact  that  indicates  some  absorption.     Di- 
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rect  examination  of  the  stomach  contents  demonstrates  that  the  products 
of  peptic  action  beyond  the  albumose  stage — namely,  the  peptones,  pep- 
tids  and  amino-bodies — are  absorbed.  On  the  whole,  however,  it  would 
seem  that  sugars  and  peptones  are  absorbed  with  difficulty  in  the  stomach. 

Absorption  of  Fat — So  far  as  is  known  at  present,  fats  are  only 
absorbed  after  they  have  reached  the  small  intestine  and  mainly  by  the 
agency  of  the  lymphatic  vessels.  Fats  must  be  emulsified  and  saponified 
before  they  can  be  absorbed,  and,  as  said  before,  the  process  is  not  under- 
gone until  the  small  intestine  is  reached.  Accordingly,  fats  undergo  no 
digestive  changes  in  the  stomach  except  when  eaten  in  the  emulsified 
form,  as  in  milk.  It  is  probable  that  the  gastric  fat  hydrolysis  described 
by  Volhard  was  due  to  a  liapase  as  it  regurgitates  from  the  duodenum. 

There  is  a  histologic  reason  for  the  incapability  of  the  stomach  to 
function  as  an  organ  of  absorption.  The  oxyntic,  parietal  cells  and  the 
chief  central  cells  of  the  peptic  ducts  stand  so  closely  packed  in  the  greater 
part  of  this  organ  that  little  epithelium  is  left  for  absorption.  Only  in 
the  pyloric  antrum  are  there  surface  cells  in  sufficient  number  to  effect 
absorption.  It  is  believed  by  some  that  the  process  of  absorption  by  the 
stomach  is  much  more  in  the  nature  of  a  mere  physical  osmosis  and  dialy- 
sis than  is  the  case  in  the  intestine,  and  that  the  process  is  accompanied 
by  the  pouring  out  of  a  good  deal  of  secretion.  Perhaps  it  is  in  this  way 
that  a  mixture  of  alcohol  and  sugar  such  as  is  found  in  sweet  wines  and 
some  malt  liquors  may  cause  acidity. 

ABSORPTION    IN    THE    SMALL    INTESTINE 

The  small  intestine,  with  the  folds  and  villi  that  increase  its  surface,  is 
the  main  place  for  absorption.  The  superficial  area  of  the  small  intestine, 
if  it  were  flat,  would  be  about  115  square  meters.  By  the  presence  of 
the  villi  this  is  increased  about  42  square  meters.  Absorption  begins  in 
the  duodenum,  and  the  products  of  digestion  have  largely  disappeared 
by  the  time  the  intestinal  contents  reach  the  ileocecal  valve  at  the  com- 
mencement of  the  large  intestine. 

Absorption  of  Saline  Solutions  and  Water. — Absorption  takes  place 
very  rapidly  in  the  small  intestine  and  naturally  the  chief  absorption 
of  water  and  saline  fluids  occurs  in  the  viscus.  A  striking  example  of 
this  fact  is  afforded  by  the  production  of  dilatation  of  the  stomach  w^ith 
stenosis  of  the  pyloric  orifice  by  water-starvation  of  the  body.  While 
this  condition  can  frequently  be  relieved  by  introducing  water  subcuta- 
neouslv  or  bv  the  rectal  route,  water  given  by  the  mouth  only  increases 
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the  dilatation  and  does  not  quench  the  intense  thirst  of  the  patient.     The 
explanation  of  this  is  that  the  water  administered  subcutaneously  or  by 


Fio  16.— Stomach,  Ixtkstixes  and  Mesentery;  Vessels  and  Lacteals.  A,  mesen- 
teric arteries  and  veins;  B,  lacteals;  C,  mesentery;  D,  stomach;  E,  pylorus;  F, 
duodenum;  G,  jejunum;  H,  ileum;  I,  artery  of  Fundus;  K,  omentum.  (Flint's 
•Thysiology.") 

the  rectum  reaches  the  parts  of  the  body  where  absorption  is  possible; 
whereas,  if  introduced  into  the  stomach,  it  must  get  into  the  intestine 
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before  it  is  absorbed.  It  must  bo  borne  in  luind  that  almost  all  the  water 
taken  by  the  mouth  is  absorbed  in  the  small  intestine,  and  that  but  a 
very  small  quantity  remains  to  bo  absorbed  in  the  large  intestine,  and,  as 
said  before,  the  amount  absorbed  in  the  stomach  is  so  small  as  to  be  almost 
a  negligible  quantity.  Thus  the  point  may  be  again  emphasized  that  in 
the  absorption  of  water  the  small  intestine  is  not  only  the  chief  agent, 
but  practically  the  sole  means  by  which  water  taken  by  the  mouth  is 
absorbed. 

COURSE  OF  WATER  IN  THE  SYSTEM— INTRODUCTION. — Water  is  in- 
troduced into  the  body  by  three  methods — by  drinking,  by  eating  foods 
which  contain  water,  by  receiving  water  into  the  system  through  oxida- 
tion of  the  hydrogen  of  food  substances — for  example,  the  end  products 
of  carbohydrate  metabolism,  COo  and  HoO. 

The  problem  of  exactly  how  absorption  in  the  small  intestine  is 
brought  about  is  one  that  has  not  been  wholly  solved  and  during  recent 
years  physiologists  have  investigated  the  subject  very  closely. 

It  is  knov^Ti  that  the  mucous  membrane  of  the  small  intestine  absorbs 
rapidly,  but  the  means  whereby  this  process  is  effected  still  remains,  to 
a  great  extent,  an  unsettled  physiological  problem. 

Howell  has  drawn  attention  to  the  fact  that  physiologists  were  wont 
to  assume  that  absorption  took  place  exclusively  through  the  central  lac- 
teals  of  the  villi,  hence  these  vessels  were  described  as  the  absorbents. 
It  is  now  known  that  the  digested  and  resynthesized  fats  are  absorbed 
by  way  of  the  lacteals,  but  that  the  other  products  of  digestion  are  ab- 
sorbed mainly  through  the  blood  vessels  and  therefore  enter  the  portal 
system  and  pass  through  the  liver  before  reaching  the  general  circulation. 

The  mechanism  of  absorption,  as  now  understood,  and  as  stated  by 
the  foremost  physiologists,  will  be  somewhat  briefly  described. 

LYMPHATIC  ABSORPTION.— First,  the  mechanism  of  absorption  of 
water  will  be  entered  into.  The  villi,  of  course,  are  the  processes  con- 
cerned in  the  absorption  that  goes  on  in  the  small  intestine,  and  in  lym- 
phatic absorption  it  is  the  lacteals  of  the  villi  that  do  the  work.  The  villi 
are  main  organs  of  absorption.  It  is  said  that  the  total  number  of  villi 
in  the  whole  of  the  small  intestine  may  be  computed  at  four  to  five 
million;  owing  to  the  fact  that  the  villi  project,  each  square  centimeter 
of  the  intestine  gains  about  twenty-three  times  in  area.  The  villi  then 
are  special  structures  for  absorption  purposes  situated  on  the  mucous 
membrane  of  the  small  intestine  (it  may  be  termed  a  basement  mem- 
brane) ;  they  project  as  finger-like  processes,  presenting  a  striated  basilar 
border  on  the  side  towards  the  lumen  of  the  intestine.     Each  villus  is 
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made  up  of  loose  lymphoid  tissue  containing  leucocytes,  and  is  covered 
Avith  and  separated  from  the  gut  by  columnar  epithelial  cells.  It  con- 
tains in  its  interior  a  plexus  of  blood  capillaries  and  some  commencing 
lymphatic  or  lacteal  vessels^  placed  in  a  central  position.  One  of  these, 
situated  in  the  middle  of  the  villus,  is  known  as  the  central  lacteal. 
The  central  lacteal  and  lymphatics  which  are  in  proximity  to  it  are 
located  superficially  to  the  muscularis  mucosae.  These  possess  no  valves. 
Those  in  the  deeper  plexus  are  provided  with  an  abundance  of  valves. 
Fluid,  therefore,  can  flow  in  one  direction  only  from  the  superficial 
lacteals  to  the  deeper  plexus.  Unstriated  muscular  fibers  pass  up  through 
the  villus  and  are  partly  adherent  to  the  outer  surface  of  the  central 
lacteal  and  partly  by  their  extremities  to  the  membrane  covering  the  sur- 
face of  the  villus.  When  these  muscles  contract,  the  central  lacteal  is 
emptied  into  the  deep  plexus  of  the  lymphatics,  whence  it  is  unable  to 
return,  and  the  contraction  of  these  fibers  may  also  cause  a  flow  into  the 
central  lacteal.  It  has  been  demonstrated  repeatedly  by  experiments  on 
dogs  that  the  formation  of  lymph  is  constantly  going  on  in  the  alimentary 
tract,  even  when  at  rest. 

ABSORPTION  BY  CAPILLARY  BLOOD  VESSELS  OF  THE  VILLUS.— The 
capillary  blood  vessels  supply  the  other  means  by  which  the  small  intes- 
tine is  enabled  to  exercise  its  great  absorbent  properties.  The  villi  have 
a  dense  network  of  blood  capillaries  immediately  underneath  their  epi- 
thelial covering.  All  the  blood  capillaries  of  the  intestinal  tract  are 
radicals  of  the  portal  vein,  while  the  lacteal  ducts  ar^  radicals  of  the 
abdominal  lymphatics.  There  are  some  difficulties  in  the  way  of  a  clear 
and  cogent  explanation  of  absorption  by  these  blood  vessels.  However, 
it  has  been  shown  that  salt  solutions  introduced  into  the  small  intestine 
are  absorbed  rapidly.  This  rapid  absorption  does  not  produce  a  corre- 
sponding rapid  rate  of  increase  of  lymph  flow  from  the  thoracic  duct. 
Conversely,  when  large  amounts  of  fluids  are  absorbed  an  actual  diminu- 
tion of  the  solids  of  the  plasma  may  be  caused.  Consequently,  there  is 
justification  for  the  belief  that  the  dense  network  of  blood  capillaries 
underneath  their  epithelial  covering  are  the  agents  solely  responsible  for 
the  absorption. 

For  a  long  time  the  theory  that  osmosis  provided  a  sufficient  expla- 
nation of  all  the  phenomena  of  absorption  was  generally  accepted,  mainly 
perhaps  because  it  was  such  a  delightfully  easy  mode  of  getting  over 
the  difficulty.  According  to  Dr.  Julius  Pohlmann,  writing  in  the  Refer- 
ence Handbook  of  the  ^ledical  Sciences,  1913,  the  work  assigned  to  the 
cells  of  the  different  parts  of  the  digestive  tract  concerned  in  absorption 
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is  first  to  keep  themselves  in  good  condition.  Secondly,  to  pick  out  from 
the  contents  of  the  tract  such  suhstances  as  the  body  wants  and  pass  them 
into  the  circulation.     It  is  safe  to  assert  that  normal  absorption  is  a 
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Fig.  17.— Lymphatics  of  the  Trunk,  Including  the  Thoracic  Duct. 
(Allen's  "Anatomy.") 
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living,  not  a  mechanical,  act,  and  that  osmosis,  as  a  factor  in  these  phe- 
nomena, must  not  alone  be  taken  into  account.  However,  the  question 
of  osmosis  will  be  considered  at  some  length  in  a  later  part  of  this 
chapter.  The  villi,  therefore,  in  conjunction  with  the  blood  capillaries 
lying  under  the  basement  membrane  of  the  villus,  are  the  main  factors 
promoting  absorption  of  water  and  saline  fluids  in  the  small  intestine. 
Kegarding  the  absorption  of  food  in  the  small  intestine,  Howell 
records  observations  made  by  Macfadden,  ]S[encki  and  Sieber  upon  a 
patient  with  a  fistula  at  the  end  of  the  small  intestine.  In  a  patient  in 
this  condition  food  begins  to  pass  into  the  large  intestine  in  from  two 
to  five  and  a  quarter  hours  after  eating  and  it  requires  nine  or  more 
hours  before  the  last  of  the  meal  has  passed  the  ileocecal  valve.  This 
estimate  includes  the  time  in  the  stomach.  During  this  passage  absorp- 
tion of  the  digested  products  takes  place  almost  completely.  This,  how- 
ever, does  not  necessarily  signify  that  all  individuals  require  this  length 
of  time  for  complete  digestion,  as  observations  made  by  the  radiograph 
ofttimes  indicate  that  it  may  be  reduced  by  over  seven  hours.  After 
referring  to  the  point  as  to  whether  the  known  physical  laws  of  diffusion, 
osmosis,  dialysis  and  imbibition  are  sufficient  to  effect  the  absorption  or 
whether  seme  unknown  activities  of  the  living  epithelial  cells  are  re- 
sponsible for  the  process,  Howell  concludes  that  absorption  as  it  actually 
takes  place  is  not  governed  simply  by  known  physical  laws.  The  villi, 
then,  in  conjunction  with  the  blood  capillaries  lying  under  the  basement 
membrane  of  the  villus,  are  the  main  factors  promoting  absorption  in 
the  small  intestine.  Pohlmann  puts  the  absorbing  power  of  the  small 
intestine  at  about  equal  to  the  task  of  taking  up  the  quantity  of  fluid 
formed  by  the  action  of  the  digestive  ferments  plus  the  quantity  of  fluids 
secreted  by  the  pancreas,  liver  and  intestinal  glands,  and  thus,  as  these 
quantities  combined  do  not  represent  the  total  amount  of  fluid  present, 
the  contents  of  the  small  intestine  remain  fluid  throughout  its  entire 
length. 

ABSORPTION    IN    THE    LARGE    INTESTINE 

Experiments  on  dogs  have  demonstrated  that  after  the  contents 
of  the  small  intestine  have  passed  the  ileocecal  valve,  they  still  contain 
an  amount  of  unabsorbed  food.  It  is  a  matter  of  common  knowledge 
that  the  material  remains  for  a  long  time  in  the  large  intestine,  and 
seeing  that  this  contains  the  digestive  enzymes  received  in  the  duodenum 
it  may  be  taken  as  proven  that  the  digestive  and  absorptive  processes 
continue  in  the  large  intestine.     Halliburton  states  that  absorption  in 
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the  large  intestine,  mainly  of  water,  occurs,  but  to  a  less  extent  than  in 
the  small  intestine.  Starling  holds  that  as  an  absorbing  organ  the  human 
large  intestine  is  of  little  ini|><)rtan('e. 

Absorption  of  Water. — An  interesting  feature  of  the  large  intestine 
is  the  marked  absorption  of  water  therein.  It  has  been  shown  that  water 
is  absorbed  in  large  quantities  in  the  small  intestine,  but  this  is  due  to 
osmosis  or  secretion.  As  Howell  states,  the  absorption  of  water  in  the 
large  intestine  is  not  compensated  by  secretion;  the  material  loses  water 
rapidly  while  in  the  ascending  colon,  and  before  it  reaches  the  descend- 
ing colon  it  has  acquired  the  consistency  of  the  feces. 

Halliburton  says  that  foods  such  as  water  and  soluble  salts  are  ab- 
sorbed unchanged,  and  it  has  been  calculated  from  observations  on  fistulse 
in  man  that  about  500  c.c.  of  water  pass  the  ileocecal  valve  during  the 
twenty-four  hours  and  of  these  400  c.c.  or  thereabouts  are  absorbed  in 
the  large  intestine.  Starling  and  Halliburton  regard  the  absorptive 
powers  of  the  large  intestine  as  slight,  except  with  regard  to  water  and 
salt  solution.  Howell  thinks  that  absorption  continues  in  the  large  intes- 
tine, while  Pohlmann  refers  to  the  well-known  high  absorbing  powers  of 
the  large  intestine.  There  is  little  doubt,  however,  that  absorption  is 
very  considerably  slower  in  the  large  than  in  the  small  intestine.  This 
fact  appears  to  have  been  shown  by  observations  made  with  regard  to 
the  absorption  results  from  feeding  by  the  rectum. 

It  is,  however,  well  known  that  salts  and  water  are  freely  absorbed 
from  the  large  intestine,  and  the  advantages  claimed  for  rectal  feeding 
may  be  largel}^  due  to  these  ingredients.  Langdon  Brown,  whose  viewe 
on  the  subject  were  published  in  the  proceedings  of  the  British  Royal 
Society  of  Medicine,  points  out  that  the  body  can  stand  deprivation  of 
food  for  a  considerable  time  if  salts  and  water  are  supplied.  W.  Pasteur 
advocated  the  administration  of  10  oz.  enemata  of  plain  water  at  a 
temperature  of  100°  P.  every  four  or  six  hours.  He  claimed  that  the 
results  were  as  good  as  with  the  nutrient  enemata.  ' 

As  to  the  absorption  of  protein  as  evidenced  by  the  results  of  rectal 
feeding,  Voit  and  Bauer  found  it  advisable  to  add  sodium  chlorid  to 
assist  absorption  of  albumin  protein,  though  Ewald  and  Czemy  dispute 
this  conclusion.  Leube  stated  that  he  had  been  able  to  maintain  life  for 
six  months  on  a  mixture  of  meat  and  pancreas.  Edsall  and  Miller,  using 
milk  and  eggs  with  pancreatic  extract,  found  that  from  40  to  47  per  cent 
were  absorbed.  Sharkey,  using  milk  and  powdered  casein,  found  an 
absorption  of  50  to  75  per  cent.  These  figures  seem  to  indicate  that  pro- 
tein  is  absorbed  with   considerable  freedom   from   the  large   intestine. 
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Langdon  Brown  thinks  there  is  an  important  fallacy  in  these  tests,  becavise 
they  are  based  on  the  amount  of  protein  which  could  be  recovered  from 
the  bowel  on  washing  it  out.  It  is  notoriously  difficult,  however,  to  remove 
the  bowel  contents  completely  in  this  way,  and  in  any  event  some  of  the 
protein  which  disappears  may  have  been  reduced  by  putrefactive  changes 
into  a  form  in  which  it  has  no  nutritional  value.  According  to  Boyd, 
absorption  of  protein  material  in  the  large  intestine  seems  to  depend 
more  on  the  patient's  individual  capacity  than  on  the  amount  given. 
Normally  carbohydrates  are  absorbed  as  dextrose  by  the  bowel,  and  this 
fonn  of  food  appears  to  be  the  most  fully  utilized  in  the  large  intestine. 
Starling  has  stated  that  the  isolated  large  intestine  of  man  is  able  to 
absorb  only  about  six  grams  of  dextrose  per  hour  and  about  80  c.c.  of 
water.  On  the  other  hand,  that  dextrose  is  definitely  absorbed  from  the 
bowel  is  proved  by  the  following  facts :  Reach  found  that  the  respiratory 
quotient  was  raised  by  rectal  feeding  of  dextrose,  a  sure  sign  that  this 
was  being  utilized  by  the  tissues,  and  the  acidosis  of  delayed  chloro- 
form poisoning  or  of  inanition  in  esophageal  stricture  has  been  reduced 
or  abolished  by  this  procedure.  It  is  well  known  that  acidosis  is  pro- 
duced quickly  by  deprivation  of  carbohydrates,  and  it  is  just  as  well 
known  that  the  assimilation  of  carbohydrates  rapidly  abolishes  the 
condition. 

With  regard  to  the  absorption  of  fats  from  the  large  intestine,  opin- 
ion seems  to  be  greatly  divided.  It  must  be  borne  in  mind  that  even  the 
finest  emulsion  of  fat  is  only  absorbed  by  the  action  of  a  fat-splitting 
ferment.  In  a  normal  state  of  the  body  the  pancreatic  juice  supplies 
this  ferment  and  in  its  absence  reliance  must  be  placed  upon  bacterial 
decomposition.  Of  course  the  ferment  can  be  provided  by  liquor  pan- 
creatitis, but  it  does  not  follow  then  that  absorption  will  be  satisfactory. 

Langdon  Brown  refers  to  observations  made  by  Munk  and  Rosenstein 
on  a  patient  with  a  fistula  of  the  thoracic  duct.  He  was  first  put  on  a 
diet  very  poor  in  fat,  and  the  enemata  of  fat  and  salt  were  given.  In 
one  experiment  3.7  per  cent  and  in  another  5.5  per  cent  were  absorbed. 
Boyd  thinks  that  a  considerable  amount  of  fat  may  be  absorbed  from 
the  large  intestine,  while  Langdon  Brown  expresses  himself  as  skeptical 
with  regard  to  the  absorption  of  fat  from  the  bowel.  Both  he  and  Starling 
are  of  the  opinion  that  the  disappearance  of  proteins,  emulsified  fats  and 
boiled  starch,  that  is,  when  such  disappearance  from  the  large  intestine 
is  genuine,  is  due  largely  to  the  action  of  bacteria  and  as  a  reliable  tes- 
timony to  the  absorptive  powers  of  the  large  intestine  carries  little  weight. 
Pohlmann  characterizes  the  absorbing  power  of  the  large  intestine 
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as  not  limited  to  substances  prepared  by  the  action  of  the  digestive  fluids, 
but  holds  that  it  can  absorb  undigested  food,  such  as  white  of  egg, 
altliough  it  is  probable  that  even  here  there  is  a  splitting  up  of  the  pro- 
tein molecule  into  smaller  molecules  before  absorption  takes  place.  There- 
fore he  asserts  that  nutrient  enemata  based  uikju  the  knowledge  have 
saved  many  lives.  The  opinions  of  eminent  physiologists  diverge  con- 
siderably with  respect  to  the  absorptive  powers  of  the  large  intestine. 
The  whole  matter  is  in  a  somewhat  confused  state.  It  is,  however,  likely 
that  the  powers  of  absorption  of  the  large  intestine  have  been  unduly 
minimized  by  some  physiologists.  The  fact  must  not  be  lost  sight  of 
that  in  the  small  intestine  the  villi  are  especially  adapted  for  absorptive 
purposes,  and  that  in  the  large  intestine  there  are  no  villi.  In  the  large 
intestine  there  are  some  solitary  glands  which  perform  as  much  absorp- 
tive work  as  can  be  expected  from  their  limited  number,  but  in  the 
opinion  of  Pohlmann  the  mucous  membrane  of  the  large  intestine  is  an 
important  factor  in  absorption. 

As  an  excretory  organ  the  large  intestine  of  carnivora  and  civilized 
man  plays  a  prominent  role  and  perhaps  its  main  value  lies  rather  in  its 
excretory  functions  than  in  its  absorptive  powers. 
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[N'ow  that  the  absorptive  powers  of  the  alimentary  tract  and  the  means 
or  most  probable  means  by  which  this  process  is  accomplished  have  been 
considered,  the  next  obvious  subject  for  discussion  is  the  absorption  of 
the  various  kinds  of  foodstuffs.  The  substances  to  be  absorbed  are  pep- 
tones, glucose  and  emulsified  fats — the  products  of  digestion ;  in  addition 
to  water  and  various  salts.  It  may  be  stated  in  a  general  way  that  foods 
such  as  water  and  soluble  salts  are  absorbed  unchanged.  On  the  other 
hand,  the  organic  foods  are  changed  considerably.  As  pointed  out  pre- 
viously, absorption  occurs  mainly  through  the  blood  vessels  by  way  of 
the  portal  tributaries,  and  through  the  lymphatic  vessels  or  lacteals. 
Speaking  broadly,  the  proteins  and  carbohydrates  are  absorbed  by  the 
blood  capillaries  of  the  villi  and  the  fats  by  the  lacteals. 

Halliburton,  in  common  with  all  modern  physiologists,  does  not 
attribute  to  known  physical  laws  a  complete  explanation  of  the  absorp- 
tion of  food  material  in  the  body.  It  has  been  definitely  proven  that 
diffusion  and  osmosis  occur  in  the  intestine,  but  this  does  not  mean  that 
absorption  proceeds  solely  from  mechanical  action.     Such  action  plays  a 
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part,  but  in  all  likelihood  a  small  part,  in  the  absorption  that  goes  on  in 
a  healthy  human  being. 

Much  has  yet  to  be  learned  regarding  absorption,  and  as  mentioned 
before  the  energy  that  controls  absorption  is  doubtless  some  form  of 
imbibition.  Halliburton  lays  stress  on  the  fact  that  a  marked  feature 
during  absorption  is  the  increased  activity  of  the  lymphocytes  which  lie 
beneath  the  epithelium;  the  number  of  these  cells  increases  conspicu- 
ously. The  surmise  has  therefore  been  advanced  that  these  cells  share 
in  the  work  of  transporting  absorbed  materials. 

ABSORPTION    OF   FATS 

Theories  of  Fat  Absorption. — The  manner  in  which  the  fats  are  ab- 
sorbed has  long  been  a  stumbling  block  to  physiologists  and  numerous 
theories  have  been  brought  forward  to  explain  the  mode  of  fat  absorp- 
tion. According  to  most  recent  views  set  forth  by  Howell,  the  emulsified 
neutral  fat  is  either  ingested  directly  by  the  epithelial  cells,  the  fat  drop- 
lets enter  between  the  epithelial  cells  in  the  so-called  cement  substance, 
the  fat  droplets  are  ingested  by  leukocytes  that  lie  between  the  epithelial 
cells  or,  lastly,  that  the  fat  is  first  split  into  fatty  acid  and  glycerol  and 
is  absorbed  in  the  epithelial  cells  in  these  forms.  The  last  theory  is  that 
most  greatly  favored.  While  allowing  that  during  digestion  the  epi- 
thelial cells  contain  fat  droplets,  Howell  is  of  the  opinion  that  these 
droplets  are  formed  in  situ  by  a  synthesis  of  the  absorbed  glycerol  and 
fatty  acids.  Even  granting  that  the  fat  is  absorbed  in  solution  as  fatty 
acids  and  glycerol,  Howell  still  thinks  that  the  mechanism  of  fat  absorp- 
tion remains  unexplained.  The  most  favored  theory  of  the  mechanism  of 
fat  absorption,  restated  clearly,  is  that  the  emulsified  fats  are  split  into 
fatty  acids  and  glycerol  which  are  taken  up  by  the  epithelial  cells  and 
passed  into  the  stroma  of  the  villi,  there  to  be  reconverted  into  minute 
fat  globules. 

Halliburton  points  out  that  in  explaining  the  mechanism  of  fat 
absorption,  the  difficulty  was  to  show  how  the  fat  first  entered  the  col- 
umnar epithelium.  Munk  and,  later,  Moore  and  Lockwood,  have  demon- 
strated conclusively  that  fat  is  completely  broken  down  in  the  intestine 
into  glycerol  and  fatty  acids.  Preliminary  emulsification  is  advantageous 
for  the  formation  of  these  substances,  but  not  essential.  According  to 
Halliburton,  then,  not  only  is  fat  entirely  absorbed  as  glycerol  and  fatty 
acids,  but  the  latter,  in  great  measure,  are  first  converted  into  soaps; 
that  is,  compounds  of  the  fatty  acids  and  alkalis.  As  Pohlmann  remarks, 
it  is  a  moot  point  as  to  whether  fatty  acids  and  glycerol  pass  directly 
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into  the  lymph  channels  which  traverse  the  villus  and  finally  unite  to 
form  tlie  lacteal,  or  whether  the  lymphocytes,  so  abundantly  found  in 
the  stroma,  carry  the  small  fat  globules  from  the  epithelial  cells  directly 
into  the  lacteal. 

JMunk  found  out  that  the  soap  compounds  of  the  fatty  acids  and 
alkalis  pass  readily  through  the  striated  borders  of  the  intestinal  epi- 
thelial cells;  and  these  cells  perform  the  synthetic  act  of  building  them 
into  fat  once  more,  the  fat  so  formed  appearing  in  the  form  of  small 
globules,  surrounding  or  becoming  mixed  with  the  protoplasmic  granules 
that  are  ordinarily  present.  Munk  also  discovered  as  a  result  of  his 
investigations  that  on  feeding  an  animal  on  fatty  acids  the  chyle  con- 
tains fat,  showing  that  the  necessary  glycerol  must  have  been  formed 
by  protoplasmic  activity  during  absorption. 

A  chapter  dealing  with  absorption  of  foodstuffs  would  be  obviously 
incomplete  without  reference  to  the  views  of  Starling,  and  attention  may 
be  drawn  here  to  certain  of  that  distinguished  physiologist's  statements 
concerning  the  absorption  of  fat.  Arguing  from  the  postulate  that  the 
fats  eaten  by  an  animal  in  excess  of  its  daily  requirements  are  stored  up 
in  the  body  in  the  form  in  which  they  are  ingested,  and  that  each  cell  of 
the  body  probably  possesses  in  itself  the  mechanism  for  the  utilization 
of  these  neutral  fats  and  for  effecting  in  them  the  various  changes  in- 
volved in  the  successive  stages  of  their  disintegration  and  oxidation 
through  which  they  are  finally  converted  to  COg  and  water.  Starling 
contends  that  the  problem  of  fat  absorption  is  ultimately  one  of  the 
simplest  with  which  we  have  to  deal.  It  merely  involves  the  transference 
of  the  neutral  fat  of  the  food  to  the  circulating  fluids  in  such  a  form 
that  it  can  be  carried  by  them  to  the  place  where  it  is  required  for  the 
metabolism  of  the  body  or  where  it  may  be  stored  up  as  a  reserve  sub- 
stance. Wherever  it  is  present  in  health  fat  should  be  regarded  as  food 
reserve,  whether  in  the  subcutaneous  or  intramuscular  tissue,  within  the 
bones,  or  the  cells  of  the  cartilage,  or  of  glandular,  organs.  In  its  wide 
distribution  fat  in  the  animal  tissues  may  be  compared  to  that  of  starch 
in  the  vegetable  kingdom,  though  the  glycogen  of  liver  and  muscle  bears 
the  closer  resemblance.  Yet  fat  and  starch  are  physiologically  inter- 
changeable. 

It  may  be  further  stated  that  after  the  removal  of  storage  fat,  its 
utilization,  according  to  the  hypothesis  of  Leathes,  is  brought  about 
through  the  agency  of  the  liver,  in  which  such  fat  is  transformed  by  a 
process  of  "desaturation"  into  fat-like  bodies  or  lipoids,  which  are  thence 
distributed  in  a  utilizable  form  to  the  important  organs  of  the  body, 
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including,  of  course,  the  liver  itself.  There  is  no  space  in  this  chapter 
to  discuss  at  any  length  the  elaborate  and  carefully-thought-out  presen- 
tation of  Starling's  views.  Among  other  salient  points  to  v^hich  refer- 
ence is  made  is  the  description  by  Brlicke  of  the  muscular  mechanism 
of  absorption.  This  mechanism  was  commented  on  in  an  earlier  part  of 
the  chapter  when  considering  the  manner  in  which  absorption  by  the 
small  intestine  was  carried  out;  namely,  that  repeated  contractions  of 
the  muscle  fibers  of  the  villus  would  tend  to  empty  the  spaces  into  the 
central  lacteal,  and  this  in  turn  into  the  submucous  plexus  of  lymphatics, 
so  that  the  lymph  in  the  spaces  is  constantly  renewed  and  passes  laden 
with  absorbed  fat  particles  into  the  valved  lymphatics  of  the  mesentery. 
Starling  thinks  it  probable  that  the  muscular  mechanism  of  absorption 
plays  an  important  part  in  the  absorption  of  fat,  although  it  is  difficult 
to  furnish  any  experimental  proof  of  the  manner  in  which  this  mech- 
anism works. 

An  extremely  important  part  is  played  by  the  bile  as  well  as  by  the 
pancreatic  juice  in  the  process  of  absorption  of  fats.  Bile  aids  the  diges- 
tion of  fat,  the  bile  salts  acting  in  the  same  way  as  the  co-enzyme  of 
pancreatic  lipase.  Bile  is  also  a  solvent  of  fatty  acids  and  Halliburton 
suggests  that  it  probably  assists  fat  absorption  by  reducing  the  surface 
tension  of  the  intestinal  contents.  Membranes  moistened  with  bile  allow 
fatty  materials  to  pass  through  them  more  readily  than  would  be  other- 
wise the  case. 

According  to  Moore  and  Lockwood,  quoted  by  Howell,  the  reason  that 
the  bile  salts  aid  the  absorption  of  the  split  fats  is  probably  because  the 
bile  salts  dissolve  the  fatty  acids  readily  and  then  bring  them  into  con- 
tact in  soluble  form  with  the  epithelial  cells.  If  the  intestine  be  deprived 
of  its  bile  contents  by  drainage  by  means  of  a  fistula  from  the  gall  bladder 
or  duct,  a  great  deal  of  the  fatty  food  is  not  absorbed  and  can  be  found 
in  the  feces.  It  is  easy  by  direct  observation  to  prove  that  the  lymphatic 
vessels  take  up  the  greater  part  of  the  fat  ingested.  To  demonstrate  this 
it  is  only  necessary  to  examine  the  lymphatics  of  the  intestine  of  an  ani- 
mal after  the  administration  of  a  meal  rich  in  fats.  These  vessels  are 
distended  with  milky  chyle,  while,  according  to  Starling,  the  same  fluid 
is  found  filling  the  cisterna  lymphatica  magna  (receptaculum  chyli)  and 
the  thoracic  duct.  It  has  been  conclusively  shown  that  a  part,  probably 
the  greater  part,  of  the  fat  absorbed  from  the  intestine  is  conveyed  thence 
by  the  lymphatic  vessels  to  the  venous  circulation  by  which  it  is  dis- 
tributed to  the  various  tissues  of  the  body.  It  has  not  been  determined 
fts  yet  how  it  leaves  the  blood  stream. 
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But  many  experimeuts  have  shown  that  some  of  the  fat  which  is 
absorbed  does  not  travel  by  the  way  of  the  lymphatics  and  tlie  thoracic 
duct.  In  fact,  after  deducting  the  amount  of  fat  tliat  escapes  absorption 
and  is  lost  in  the  feces,  the  amount  that  may  be  recovered  from  the 
thoracic  duct  is  less  than  that  taken  in  the  food. 

Frank,  referred  to  by  Howell,  has  advanced  the  theory  that  some  of 
the  fat  is  absorbed  directly  by  the  blood  vessels  of  the  villi.  The  portion 
thns  absorbed  enters  the  portal  vein  and  i)asses  through  the  liver  before 
reaching  the  general  circulation.  The  liver  holds  back  more  or  less  of 
the  fat  taking  this  route,  as  it  is  found  that  during  absorption  the  liver 
colls  show  an  accumulation  of  fat  droj)lets  in  their  interior.  Starling 
says  that  it  is  not  known  what  happens  to  the  fat  that  is  not  taken  uj) 
by  the  lymphatics  and  holds  that  it  is  difficult  to  imagine  that  "any  large 
proportion  of  this  lost  fraction  is  absorbed  into  the  blood  stream  in  the 
form  of  soaps,"  pointing  out  that  Munk  has  shown  soaps  injected  into 
the  blood  act  as  potent  poisons.  Emphasis  may  be  laid  upon  the  point 
that  if  absorption  is  active,  the  meshes  of  the  villus  contain  a  number 
of  free  fat  granules  and  the  leukocytes  in  these  meshes  are  also  generally 
found  full  of  these  granules. 

Function  of  the  Leukocytes — Zawarykin  and  Schafer,  referred  to  by 
Starling,  impute  an  importance  to  the  leukocytes  in  the  transference  of 
the  granules  from  epithelial  cells  to  the  central  lacteal.  It  was  supposed 
that  the  leukocytes  took  up  the  fat  granules  extruded*  by  the  epithelial 
cells  at  the  base  of  the  villi  and  thence  found  their  way  into  the  central 
lacteal,  where  they  broke  down,  in  this  manner  furnishing  the  molecular 
basis  of  the  chyle  as  well  as  its  protein  constituents.  Heidenhain  was 
strongly  opposed  to  the  view  and  pointed  out  that  many  of  the  granules 
staining  darkly  with  osmic  acid  were  not  necessarily  fat  and  that  the 
number  of  leukocytes  within  the  villi  were  hardly  sufficient  to  account 
for  the  amount  of  material  observed.  Renter  is  of  the  opinion  that  the 
epithelial  cells  take  up  fat  in  a  dissolved  condition  through  the  striated 
border,  and  deposit  it  as  granules  of  neutral  fat  in  the  inner  portion  of 
the  protoplasm.  From  here  the  fat  is  passed  on  by  the  protoplasm  by  the 
side  of  the  nucleus  and  extruded  in  the  form  of  very  fine  granules  in 
the  deeper  parts  of  the  interepithelial  clefts,  which  thus  function  as  true 
excretory  organs  for  the  epithelial  cells. 

The  view  is  still  held  that  the  fats  are  taken  up  by  the  epithelial  cells 
from  the  intestine  as  fine  particles  of  neutral  fat,  the  chief  use  of  the 
pancreatic  juice  being  to  aid  the  formation  of  an  emulsion  of  fat  in  the 
intestines.     Starling  does  not  agree  with,  this  conception  of  the  manner 
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in  which  fats  are  absorbed  and  thinks  there  is  little  doubt  they  are  ab- 
sorbed and  dissolved  in  the  bile  either  as  soap  or  fatty  acids;  he  states 
the  objections  to  the  former  theory  at  some  length,  the  chief  of  which  is 
that  bile  does  not  dissolve  neutral  fats,  but  does  exercise  a  strong  solvent 
action  on  fatty  acids  and  on  all  kinds  of  soaps.  Therefore,  fats  to  be 
fully  absorbed  must  be  broken  up  into  fatty  acids  and  soaps.  It  has 
been  demonstrated  by  experiment  that  if  bile  be  cut  off  by  occlusion  of 
the  bile  duct  or  by  means  of  a  biliary  fistula,  that  only  a  small  proportion 
of  the  fat  is  absorbed ;  the  larger  unabsorbed  portion  is  mostly  found  in 
the  feces.  This  supplies  conclusive  evidence  that  the  presence  of  bile 
in  the  intestine  is  essential  for  the  normal  absorption  of  fat.  Ligature 
of  the  pancreatic  duct  also  interferes  with  absorption.  In  all  likelihood 
this  result  is  due  to  the  absence  of  the  ferment  of  the  pancreatic  juice  or 
lipase  from  the  intestine. 

Extent  of  Fat  Absorption. — It  is  interesting  to  note  that  the  amount 
of  fat  that  may  be  absorbed  from  the  intestines  varies  with  the  nature  of 
the  fat,  Howell  points  out  that  experiments  show  that  the  more  fluid 
fats,  such  as  olive  oil,  are  absorbed  more  completely,  that  is,  less  is  lost 
in  the  feces,  than  in  the  case  of  the  more  solid  fats.  Comparative  experi- 
ments have  given  such  results  as  the  following:  olive  oil,  absorption 
97.7  per  cent;  goose  and  pork  fat,  97.5  per  cent;  mutton  fat,  90  to  92.5 
per  cent;  spermaceti,  15  per  cent.  The  amount  of  fat  that  may  be  lost 
in  the  feces  varies  also  with  other  conditions.  If,  for  instance,  an  excess 
is  taken  with  the  foods,  or  if  the  bile  flow  is  diminished  or  suppressed, 
the  percentage  in  the  feces  is  increased.  The  usual  amount  of  fat 
allowed  in  dietaries  is  from  100  to  120  grams  daily. 

Hutchison  has  this  to  say  regarding  the  absorbability  of  fat,  that  one 
generalization  can  be  made  with  a  fair  amount  of  certainty.  The  loAver 
the  melting  point  of  the  fat,  the  more  completely  is  it  absorbed,  due  to 
the  fact  that  a  fat  which  is  fluid  at  the  body  temperature  is  more  easily 
taken  up  into  the  blood  than  one  which  remains  more  or  less  solid.  The 
following  are  illustrative  examples: 

Melting  Percentage 

Fat  Point  Unabsorbed 

Butter 37°  C.  2% 

Bacon 48°  C.  8^ 

Mutton  fat 52°  C.  10 

The  total  amount  of  fat  which  can  be  absorbed  in  one  day  is  also  a 
matter  of  some  interest.    It  has  been  found  by  experiment  that  150  grams, 


ABSORPTION   OF   FOOD  183 

about  5l^  ounces,  can  be  absorbed  without  appreciable  loss.  Above  this 
point  the  waste  increases  considerably,  but  even  when  twice  that  quantity 
is  taken  the  loss  is  less  than  45  per  cent.  The  practical  deduction  from 
these  facts  would  seem  to  be  that  one  need  have  no  hesitation  in  ordering  a 
patient,  say  a  diabetic,  to  consume  one  quarter  of  a  pound  of  butter  every 
day.  There  is  no  likelihood  of  this  quantity  surpassing  the  absorptive 
powers  of  the  intestine. 

Summary 

The  processes  involved  in  digestion  and  absorption  of  fat  may  be 
summed  up  as  follows:  hydrolytic  cleavage  of  the  neutral  fats  into 
fatty  acids  and  glycerol  is  initial  to  absorption  and  combustion.  In  this 
process  the  gastric  juice,  the  pancreatic  juice  and  the  succus  entericus 
are  all  concerned.  Also  in  those  hydrolytic  cleavages,  in  the  velocity  in 
which  they  occur  in  the  body,  the  lipolytic  action  of  the  pancreatic  juice 
and  succus  entericus  is  greatly  aided  and  reinforced  by  the  synergetic 
action  of  bile.  Moore  has  shown  that  the  solvent  action  of  the  bile  is 
mainly  owing  to  the  bile  salts  and  the  presence  therein  of  lecithin  and 
cholesterin.  The  action  of  these  strengthens  the  activity  of  the  pancreatic 
juice,  dissolves  the  fatty  acids  readily,  and  brings  them  in  soluble  form 
into  contact  with  the  epithelial  cells.  This  lipolytic  action  forms  glycerol, 
also  fatty  acids  and  soaps,  in  accordance  with  the  acid  or  alkaline  reac- 
tion of  the  medium.  The  alkaline  soaps  being  soluble  in  water,  the  soaps 
of  magnesium  or  calcium  in  bile  and  free  fatty  acids  being  soluble  in 
bile  acids,  the  fat  is  reduced  to  a  condition  rendering  it  soluble  in  the 
contents  of  the  intestine,  whatever  their  action  may  be.  The  fatty  con- 
stituents are  then  taken  up  by  the  cells  of  the  intestinal  mucosa  and 
synthesis  takes  place.  Cleavage  of  the  soaps  ensues,  fatty  acids  are  set 
free,  and  after  ridding  themselves  of  water  and  combining  with  glycerol, 
form  neutral  fats  which  take  the  shape  of  small  globules,  becoming  mixed 
with  or  surrounded  by  protoplasmic  granules.  As  explained  in  an  earlier 
part  of  the  chapter,  by  active  excretion  these  are  pushed  into  the  inter- 
cellular clefts  and  into  the  spaces  of  the  villus;  they  are  then  expelled 
by  the  contractions  of  the  muscle  fibers  of  the  villus  into  the  central 
lacteal  and  finally  to  the  thoracic  duct  by  way  of  the  mesenteric  l^^m- 
phatics.  Sixty  per  cent  of  the  fat  absorbed  is  accounted  for  in  this 
manner.  As  to  how  the  remaining  40  per  cent  is  dealt  with  in  the  body 
there  is  no  accurate  means  of  finding  out.  It  may  enter  the  blood  stream 
or  it  may  be  broken  down  in  the  tissues.    At  any  rate,  as  Starling  states, 
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"under  normal  circumstances  the  utilization  of  fat  is  almost  complete. 
By  the  time  the  intestinal  contents  have  arrived  at  the  lower  end  of  the 
ileum  05  \)oy  cent  of  the  fat  has  been  absorbed."     Vaughan  Harley  found 
that  the  removal  of  the  whole  intestine  did  not  affect  fat  absorption. 
Bayliss  briefly  summarizes  the  process  of  fat  absorption  as  follows: 

Fats  are  hydrolyzed  in  the  small  intestine  by  the  pancreatic  juice  and  absorbed 
as  glycerol  and  fatty  acids,  the  latter  for  the  most  part  in  solution  in  bile.  In 
the  epithelium  of  the  villi  they  are  resynthesized  to  neutral  fats,  which  pass  into 
the  lymph  of  the  lacteal  system  and  thence  to  the  blood  in  a  freely  emulsified  state. 

In  a  broad  way  this  concise  description  is  sufficient,  but  it  hardly  ex- 
plains all  that  is  known  concerning  the  absorption  of  fat  in  the  body.  In 
order  to  gain  an  accurate  view  of  the  present  situation,  so  far  as  the 
opinions  of  authorities  founded  upon  careful  research  are  concerned, 
the  description  given  here  almost  in  full  may  be  submitted  for  earnest 
consideration. 

ABSORPTION    OF    CARBOHYDRATES 

There  is  no  doubt  that  the  carbohydrates  are  more  completely  absorbed 
than  any  other  nutrient  material.  For  the  most  part  carbohydrate  food 
is  absorbed  as  simple  sugars,  monosaccharids.  All  the  sugar  ingested 
finds  its  way  into  the  circulation,  and  starch  is  only  detected  in  the  feces 
when  eaten  in  a  form  notoriously  difficult  of  digestion — green  vegetables, 
or  masses  of  coarse  food,  for  instance.  Vegetable  food  yields  a  much 
larger  percentage  of  indigestible  residue  than  animal  food,  and  is  in 
itself  much  less  easily  digested  owing  to  the  fact  that  it  is  more  or  less 
enclosed  in  cellulose,  which  is  difficult  to  bring  into  solution,  while  ani- 
mal food  is  free.  In  addition,  vegetable  food,  as  a  rule,  is  less  easily 
absorbed,  and,  as  it  contains  usually  a  less  percentage  of  nitrogen,  a  much 
larger  quantity  is  needed  to  furnish  a  certain  amount  of  this  element 
than  in  the  case  of  animal  food.  Comparatively  little  sugar  is  absorbed 
in  the  stomach,  and,  as  said  before,  the  small  intestine  is  the  main 
absorbing  organ  for  all  classes  of  foodstuffs.  Practically  the  whole  of  the 
carbohydrate  constituents  has  been  absorbed  by  the  time  the  food  has 
reached  the  ileocecal  valve.  However,  views  as  to  the  absorptive  powers 
of  the  stomach  have  changed  and  are  changing  considerably  as  the  result 
of  modern  experiments.  Pohlmann,  referred  to  previously,  draws  atten- 
tion to  the  fact  that  although  the  stomach  has  no  specialized  organs  of 
absorption,  its  whole  mucous  membrane  may,  under  certain  conditions, 
absorb  some  materials  digested,  such  as  peptones  and  glucose.  So  f&- 
as  the  absorptive  powers  of  the  stomach  are  concerned,  neither  of  the 
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extreme  views  taken  is  correct.  It  is  not  merely  a  temporary  receptacle 
for  food,  but  can  absorb  peptones  and  glucose  to  a  limited  extent.  It 
certainly  does  not  possess  the  great  absorptive  properties  that  were 
formerly  attributed  to  it.  On  the  other  hand,  some  absorption  of  the 
carbohydrates  takes  place  in  the  stomach;  dextrose,  lactose,  maltose,  and 
saccharose  and  even  dextrin  may  be  absorbed  by  the  mucous  membrane 
of  the  stomach,  and  the  more  concentrated  the  solutions  the  more  marked 
is  the  absorption.  Glucose  is  absorbed  mostly  in  the  small  and  to  some 
extent  in  the  large  intestine. 

Cane  sugar  and  milk  sugar  are  inverted  in  the  small  intestine  by 
invertase  and  lactase,  the  first  being  converted  to  dextrose  and  levulose, 
the  second  to  dextrose  and  galactose.  Both  of  these  are  converted  from 
disaccharids  to  monosaccharids  before  absorption.  If  an  excess  of  these 
substances  be  taken  they  are  partly  absorbed  without  being  inverted  to 
simple  sugar,  and  may  be  eliminated  in  the  urine.  The  greater  part  of 
our  carbohydrate  food  is  eaten  in  the  form  of  starch  and  the  time  required 
for  the  digestion  and  inversion  of  the  starch  involves  a  slower  and  more 
complete  process  of  absorption. 

Course  of  Carbohydrates  in  the  System. — On  hydrolysis,  saccharose 
yields  dextrose  plus  levulose;  maltose  yields  dextrose  plus  galactose. 
The  process  of  hydrolysis  takes  place  along  the  enteric  tract,  so  that  all 
disaccharids  ingested  as  food  are  absorbed  in  the  blood  stream  as  mono- 
saccharids. 

As  the  result  of  numerous  experiments  it  is  generally  held  by  physi- 
ologists that  the  carbohydrates  pass  into  the  body  by  the  route  of  vessels 
of  the  portal  system.  As  a  seemingly  convincing  proof  of  the  statement 
it  may  be  mentioned  that  no  more  sugar  is  detected  in  lymph  from  the 
thoracic  duct  than  is  contained  in  arterial  blood  taken  at  the  same  time. 
On  the  other  hand,  an  increased  percentage  of  sugar  in  the  portal  blood 
during  the  absorption  of  a  large  carbohydrate  meal  has  been  observed 
by  several  investigators.  An  abundant  quantity  of  carbohydrate  food 
may  be  digested  and  absorbed  in  the  course  of  a  day  and  all  of  this  may 
be  found  in  the  blood  in  the  form  of  dextrose  which  enters  the  portal 
vein  and  is  distributed  to  the  liver.  This  food  which  enters  the  blood 
as  dextrose  is  stored  up  in  the  liver  as  glycogen,  a  store  of  carbohydrate 
held  in  reserve  for  the  future  needs  of  "the  body.  By  this  means  the 
amount  of  sugar  in  the  general  circulation  is  kept  quite  constant,  accord- 
ing to  Howell  about  0.15.  However,  when  a  very  large  amount  of  carbo- 
hydrate food  has  been  eaten  it  happens  occasionally  that  the  liver  is 
unable  to  perform  its  functions  of  removing  the  excess  completely.     The 
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condition  known  as  hyperglycemia  may  be  brought  about  by  an  increased 
amount  of  sugar  above  the  normal  in  the  general  circulation.  The  excess 
may  be  excreted  in  the  urine  and  the  condition  denominated  "alimentary 
glycosuria"  will  ensue. 

Starch  may  be  eaten  in  greatly  larger  amounts  than  sugar  and  the 
percentage  of  sugar  in  the  blood  will  not  be  raised  thereby  beyond  the 
nonnal  level.  This  is  accounted  for  by  the  digestion  of  starch  and  sugar, 
that  is,  so  far  as  is  known  concerning  this  matter.  Dextrose  is  absorbed 
as  such  without  being  subjected  to  digestive  processes,  and  cane  sugar 
only  requires  conversion  into  dextrose  and  levulose  before  absorption. 
The  action  of  ptyalin  or  amylase,  and  inversion  subsequently  by  maltase, 
is  needed  before  starch  can  be  absorbed,  and  therefore,  as  pointed  out 
previously,  its  absorption  will  be  slower  by  far  than  that  of  the  sugars. 
During  this  period,  in  the  words  of  Howell,  "The  entire  quantity  of 
blood  in  the  body  is  passed  through  the  mesenteric  arteries  over  and 
over  again,  and  it  is  probable  that  even  in  the  portal  vein  the  quantity 
of  sugar  at  any  one  moment  rises  but  little  above  the  normal  level,  and 
this  small  excess  is  held  back  by  the  liver  cells,  so  that  the  systemic  cir- 
culation is  protected  from  becoming  hyperglycemic. 

The  behavior  of  the  intestinal  wall  to  the  absorption  of  disaccharids 
and  monosaccharids  is  a  question  of  interest.  According  to  Starling,  some 
of  the  carbohydrates  of  food  are  colloidal  and  indiffusible.  How  these 
substances,  with  respect  to  the  mechanism  of  the  process,  pass  across  the 
intestinal  wall  may  be  explained  in  the  same  way  as  the  absorption  of 
water  and  salts.  But  the  behavior  of  the  intestinal  wall  enters  into  the 
problem  to  some  extent,  for  it  is  relatively  impermeable  to  the  disaccha- 
rids as  compared  with  the  monosaccharids. 

The  absorption  of  certain  disaccharids,  especially  of  cane  sugar  and 
lactose,  on  account  of  the  relative  impermeability  of  the  intestinal  walls, 
proceeds  more  slowly  by  far  from  the  intestine  than  that  of  the  mono- 
saccharids, the  process  of  absorption  being  always  dependent  upon 
hydrolysis.  This  is  no  doubt  the  reason  why  large,  even  immense, 
amounts  of  cane  sugar  can  be  taken  with  impunity  without  causing  the 
appearance  of  cane  sugar  in  the  blood  or  urine,  while  the  ingestion  of  a 
comparatively  small  quantity  of  dextrose  may  bring  about  glycosuria. 
The  mechanism  of  the  absorption  of  the  carbohydrates  still  requires  a 
good  deal  of  elucidation,  especially  perhaps  as  regards  the  behavior  of 
the  intestinal  wall  to  sugar,  and  to  nonassimilable  artificial  sugars  in 
particular.     However,  with  regard  to  the  course  of  the  carbohydrates 
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in  the  system  it  may  be  definitely  stated  that  they  pass  into  the  body  by 
way  of  the  vessels  of  the  portal  system. 

FERMENTATION  OF  CARBOHYDRATES.— Tho  various  carbohydrates 
taken  in  the  diet  can  be  broken  down  by  the  fermentation  in  the  ali- 
mentary canal  into  various  acids,  such  as  acetic,  lactic  and  butyric  acid, 
as  well  as  the  volatile  fatty  acids.  A  certain  amount  of  carbonic  acid  and 
alcohol  are  also  formed  during  this  fermentation.  In  connection  with 
that  condition  known  as  auto-intoxication,  these  facts  are  interesting. 
Beyond  giving  a  certain  amount  of  discomfort  to  the  patient  by  the  dis- 
tention of  the  intestines,  carbonic  acid  formed  in  fermentation  cannot  be 
considered  as  toxic,  and  the  alcohol  in  all  cases  is  probably  so  small  in 
amount  that  it  can  hardly  have  any  effect  on  the  organism.  Marsh  gas 
has  also  been  demonstrated  in  the  gases  of  the  alimentary  tract,  but  little 
is  known  of  its  toxic  enects  in  the  quantities  which  could  thus  be  formed. 
The  acid  products  of  the  carbohydrate  and  the  fat  fermentation  have  a 
certain  amount  of  significance,  since  the  acid  reaction  of  the  feces,  when 
it  occurs  in  disease,  is  due  to  these  products  of  fermentation,  the  normal 
stools  being  alkaline.  Apparently  all  these  acids  are  easily  absorbed  into 
the  general  circulation,  and  are  as  rapidly  oxidized  under  ^ordinary  con- 
ditions. In  cases  of  excessive  formation  of  these  acids,  or  where  there 
is  an  excessive  absorption  from  the  alimentary  tract,  it  may  be  that  the 
quantities  in  the  circulation  are  too  great  to  be  rapidly  broken  up ;  in  such 
cases  they  are  found  in  the  urine,  and  may  have  some  toxic  significance. 
The  condition  of  increased  intestinal  fermentation  of  fat  and  carbohy- 
drates is  most  commonly  present  in  children,  and  is  frequently  accom- 
panied by  vomiting  or  diarrhea,  undoubtedly  due  to  the  action  of  fatty 
acids  as  irritants.  Where  this  condition  persists,  anemia  is  found,  which 
may  result  in  increased  destruction  of  red  blood  corpuscles  caused  by 
oleic  acid. 

The  acids,  when  not  broken  down  in  the  blood  stream,  may  contribute 
to  acidosis  by  fixing  some  of  the  alkali  of  the  blood.  In  the  consideration 
of  the  absorption  of  carbohydrates,  the  significance  of  the  absorption  of 
acids  in  the  production  of  disease  is  a  very  important  point.  This  leads 
to  the  consideration  of  auto-intoxication  from  the  intestines.  It  is  doubt- 
ful whether  such  a  process  occurs  as  long  as  intestinal  digestion  proceeds 
normally.  As  far  as  the  fermentative  products  of  carbohydrates  and  fats 
— the  gas  COoH  and  the  volatile  fatty  acids  (lactic,  butyric  and  acetic) — 
are  concerned,  they  are  either  harmless  or  produced  from  foods  in  such 
minute  quantities  that  an  effect  on  the  remote  organs  and  tissues  has  not 
been  satisfactorily  demonstrated. 
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The  theory  of  Czerny  and  Keller,  that  these  end  products  of  fermen- 
tation could  lead  to  acidosis  (especially  in  children)  in  spite  of  the  dem- 
onstration of  increased  amounts  of  NH3  in  the  urine,  cannot  yet  be 
regarded  as  sufficiently  well  founded. 

Borger  and  Teuchiya's  investigations  lead  them  to  a  different  view  in 
explanation  of  the  anemias  of  gastro-intestinal  origin.  They  assume  that 
lipoid  substances  exist  in  the  intestinal  mucosa  which  are  capable  of  ex- 
erting hemolytic  effects.  It  must  not  be  overlooked  that  many  human 
beings  habitually  ingest  more  of  the  organic  acids  in  their  regular  food 
than  the  most  exact  chemical  determinations  have  discovered  to  be  present 
normally  in  weighed  amounts  of  intestinal  chyme.  Before  attributing 
pathologic  effects  to  the  much  smaller  amounts  of  these  substances  pro- 
duced in  normal  digestion,  one  should  realize  how  much  vinegar  (acetic 
acid)  is  taken  into  the  gastro-intestinal  tract  in  the  form  of  pickles,  cat- 
sup, pickled  fruits,  condiments  and  salads;  how  much  lactic  acid  in 
buttermilk,  etc. 

PROTEIN  ABSORPTION 

Manner  of  Absorption. — The  views  of  physiologists,  as  to  the  manner 
in  which  protein  is  absorbed,  have  undergone  a  remarkable  change  since 
the  question  has  been  carefully  and  scientifically  investigated.  This  revo- 
lution of  ideas  has  been  particularly  manifested  with  regard  to  the  form 
in  which  protein  is  absorbed  from  the  alimentary  canal  and  to  its  fate 
after  absorption.  There  is,  however,  but  little  difference  of  opinion  as 
to  the  channel  by  which  it  obtains  entry  into  the  circulation.  Most  of  the 
experimental  work  recorded  shows  that  the  digested  proteins  are  absorbed 
by  the  blood  vessels  of  the  villi,  although,  according  to  Mendel,  excessive 
feeding  of  protein  may  result  in  absorption  through  the  lymphatics  also. 
All  physiologists  interested  in  the  investigation  of  the  lymph  flow  from 
the  thoracic  duct  are  satisfied  that  the  variations  in  the  amount  of  lymph 
bear  no  relation  to  the  condition  of  the  animal's  digestion. 

The  accepted  belief  that  protein  is  entirely  absorbed  by  the  medium 
of  the  blood  vessels  rests  mainly  upon  two  facts:  (a)  Schmidt-Mulheim 
demonstrated  that  if  the  thoracic  duct  and  right  lymphatic  duct  are 
ligated,  so  that  the  h^nphatic  circulation  is  shut  off,  an  animal  will  absorb 
and  metabolize  the  usual  amount  of  protein,  as  is  shown  by  the  urea  ex- 
creted during  the  period.  This  experiment  proves  that  the  absorption 
of  proteins  is  not  interfered  with  as  the  result  of  ligature  of  the  thoracic 
duct.     The  conclusion,  consequently,  seems  to  be  that  the  products  of 
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protein  digestion  are  taken  up  by  the  epithelial  cells  and  by  these  passed 
on  into  the  blood  vessels.  (6)  Munk  has  shown  that  if  a  fistula  of  the 
thoracic  duct  be  established  and  the  total  lymph  flow  from  the  intestines 
be  collected  during  the  period  of  absorption  of  a  protein  diet,  it  will  be 
found  that  there  is  no  increase  in  the  quantity  of  lymph  or  in  its  protein 
contents.  These  two  facts  appear  to  demonstrate  that  the  avenue  by 
Avhich  protein  reaches  the  circulation  is  by  way  of  the  blood  vessels. 

Accompanying  Changes  of  Villus  and  Epithelium. — Various  observers 
have  described  certain  structural  changes  in  the  villi  during  the  absorp- 
tion of  a  protein  meal.  According  to  Starling,  in  nearly  every  case  there 
is  marked  increase  in  the  number  of  mitotic  figures  in  the  epithelium 
lining  the  follicles  of  Lieberkuhn.  ,  With  regard  to  an  increase  of  leuko- 
cytes in  the  villi  during  the  absorption  of  protein,  there  is  some  differ- 
ence of  opinion.  Hofmeister  states  that  such  is  the  case,  and  he  believed 
leukocytes  exerted  an  important  function  in  the  absorption  of  protein. 
Heidenhain  ascribed  but  little  importance  to  this  occurrence,  maintain- 
ing that  in  all  animals  such  increase  was  constant,  that  the  amount  of 
absorption  taking  place  was  not  influenced  to  any  extent  thereby,  and 
that,  so  far  as  the  total  absorption  was  concerned,  it  was  a  wholly  inade- 
quate explanation.  Other  observers,  however,  have  noticed  changes  in 
the  epithelium  after  protein  digestion.  Renter  has  described  these 
changes,  and  has  propounded  the  theory  that  these  signify  that  proteins 
are  taken  up  in  a  dissolved  form  and  converted  into  coagulable  proteins. 
The  evidence  is  not  sufficient  to  place  the  theory  on  a  sound  basis. 

Form  of  Protein  Absorbed. — According  to  Halliburton,  it  is  possible 
for  the  alimentary  canal  to  absorb  soluble  protein  in  an  unchanged  con- 
dition. For  instance,  after  eating  a  large  number  of  eggs,  egg  albumin 
is  found  in  the  urine.  The  authority  argues  from  this  that  patients  fed 
per  rectum  derive  some  nourishment  from  protein  food,  although  pro- 
teolytic enzymes  are  absent  from  that  part  of  the  intestine.  Such 
occurrences  are  exceptional  and  are  merely  illustrations  of  the  fact  that 
under  unusual  conditions  the  digestive  system  can  rise  to  the  occasion 
and  perform  unusual  feats  contrary  to  the  normal  course  of  events. 
According  to  Halliburton,  the  food  proteins  are  broken  up  into  their 
constituent  amino-acids  and  in  this  form  are  absorbed.  Howell  holds 
that  the  form  in  which  protein  is  absorbed  and  circulates  in  the  blood 
has  not  been  satisfactorily  determined.  Physiologists  are  agreed  that, 
under  normal  conditions,  the  proteins  of  the  food  are  resolved  by  the 
action  of  the  gastric  juice  into  albumoses  and  peptones  while  in  the 
stomach.     Another  step  in  the  process  of  hydration  takes  place  in  the 
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stomach  when  the  trypsin  of  the  pancreatic  juice  conducts  the  proteins 
through  the  stage  of  secondary  albumoses  and  peptones  and  converts  them 
into  amino-acids  and  polypeptids.  Erepsin  of  the  intestinal  wall  exerts 
an  action  on  the  albumoses  and  peptones  produced  by  gastric  digestion, 
which  also  has  the  result  of  converting  these  into  amino-acids  and 
polypeptids.  Finally,  by  the  action  of  the  digestive  juices  the  proteins 
are  reduced  to  a  mixture  of  amino-acids  and  polypeptids  which  undergo 
no  further  disintegration. 

EXTENT  OF  KEDUCTION  BEFOEE  ABSOKPTION.— It  is  important  to 
determine  to  how  great  an  extent  the  proteins  are  reduced  to  their  ulti- 
mate hydration  products  before  absorption.  Evidence  has  been  adduced 
that  protein  may  be  absorbed  by  the  small  intestine  without  having  under- 
gone any  hydration  whatever.  Friedlander  made  a  series  of  experiments 
in  which  the  absorptions  of  various  proteins  were  compared  after  their 
introduction  into  loops  of  the  small  intestine  which  had  been  previously 
washed  free  from  ferment.  He  found  that  during  a  period  of  four  hours 
21  per  cent  of  the  proteins  of  white  of  egg  or  blood  scrum  was  absorbed. 
Of  alkali-albumin  which  had  been  introduced  into  the  loops  during  the 
same  period,  69  per  cent  was  absorbed;  per  contra^  when  syntonin  and 
casein  were  introduced  into  the  intestine,  no  absorption  of  any  descrip- 
tion was  observed. 

FOREIGN  PROTEINS.— Our  knowledge  is  by  no  means  definite  as  to 
the  manner  in  which  unchanged  protein  reaches  the  blood  stream.  For- 
eign protein,  when  introduced  into  the  blood  stream,  may  produce  poi- 
sonous effects  and  bring  about  conditions  of  disease.  It  is  found  that 
in  the  majority  of  cases,  however  great  an  amount  of  protein  is  admin- 
istered in  soluble  form,  none  of  it  appears  in  the  urine.  As  noted 
previously,  Halliburton  has  alluded  to  the  occurrence  and  Aescoli  has 
observed  that  if  the  white  of  egg  is  administered  in  large  amounts,  albu- 
min may  be  found  in  the  urine. 

Relation  to  Infant's  Diet. — It  has  been  demonstrated  that  at 
the  birth  of  an  animal  and  during  the  first  few  days  of  life  the  cellular 
lining  of  the  alimentary  canal  is  permeable  to  foreign  proteins,  whereas 
later  on  in  life  any  protein  which  is  taken  up  unchanged  from  the  gut 
does  not  arrive  in  the  same  unchanged  condition  in  the  blood  stream. 
The  protein  bodies  in  the  colostrum — according  to  Starling,  colostrum 
contains  about  3  per  cent  of  protein — the  sole  food  of  infants  for  the 
first  week  or  so  of  life,  pass  into  the  intestine  practically  unchanged.  If 
soluble  proteins  are  introduced  into  the  stomach  of  the  infant,  a  certain 
proportion  will  be  absorbed ;  if  these  are  foreign,  as,  for  instance,  those 
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contained  in  cow's  milk  or  in  the  white  of  egg,  they  will  excite  bio- 
chemical reaction,  and,  in  the  opinion  of  Dr.  Eric  Pritchard,  will  lead  to 
the  production  of  specific  precipitation  in  the  blood.  Consequently  they 
will  not  subserve  the  functions  of  ordinary  nutrition,  and  are  thus  not 
only  useless  but  may  be  actually  dangerous.  It  is  often  claimed,  and 
seems  to  have  been  proved  to  a  very  limited  extent,  that  a  certain  amount 
of  protein,  such  as  white  of  egg  or  lacto-globulin,  can  be  absorbed  into 
the  circulation  from  the  intestinal  tract  without  being  broken  down  into 
its  component  amino-acids  by  pancreatic  digestion.  While  this  may  be 
so,  it  is  known  that  foreign  protein,  if  absorbed,  can  only  act  as  foreign 
bodies,  which  are  of  no  nutritive  value  to  the  organism.  On  the  other 
hand,  if  proteins,  as,  for  example,  those  contained  in  the  colostrum  of 
the  child's  mother,  are  introduced  into  the  system  of  the  infant  and 
happen  to  be  identical  with  its  own  specific  circulating  proteins,  the  case 
is  quite  different;  such  proteins  are  not  foreign  bodies  and  are  available 
immediately  for  the  purpose  of  nutrition.  Pritchard  further  points  out 
that  these  facts  have  an  important  bearing  on  maternal  feeding.  The 
colostrum  of  a  wet  nurse  does  not  contain  exactly  the  same  proteins  as 
the  colostrum  of  the  mother,  and  consequently  is  not  so  well  suited  to  the 
requirements  of  the  infant.  It  may  then  be  safer  to  feed  the  newborn 
babe  with  the  colostrum  of  a  wet  nurse  than  with  the  milk  of  some 
foreign  species  of  animal,  as  the  cow,  but  there  are  dangers  attaching 
to  the  procedure  and  wet  nursing  should  not  be  attempted  during  the 
first  few  days  of  life.  The  fact  must  be  emphasized  that  the  main  pur- 
pose of  digestion  and  absorption  is  not  so  much  to  effect  the  solution  of 
solid  articles  of  food  as  to  split  up  foreign  materials  into  their  component 
elements.  Foreign  proteins  are  split  up  by  the  processes  of  gastric  and 
intestinal  digestion  into  their  constituent  amino-acids  and  from  these 
new  proteins  are  built  up  by  synthetic  processes  on  an  entirely  new 
architectural  plan,  and  of  a  type  which  is  suited  to  the  specific  require- 
ments of  the  individual  in  whom  they  circulate. 

Pritchard  then  lays  down  the  dictum,  'The  whole  question  of  the 
resolution  of  foreign  proteins  into  their  component  elements  or  amino- 
acids  is  of  immense  importance  in  infant  dietetics,  for  unless  foreign 
proteins  can  be  so  resolved  in  the  processes  of  digestion  they  cannot  be 
utilized  for  the  purpose  of  synthetically  compounding  the  specific  pro- 
teins, which  are  essential  for  the  nutrition  of  the  growing  baby." 

Lastly,  these  conclusions  may  be  made  that  it  is  quite  useless,  or 
even  dangerous,  to  supply  the  newborn  infant  with  any  variety  of  for- 
eign protein  unless  or  until  the  digestive  functions  have  been  established. 
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It  is  possible,  thinks  Pritchard,  that  a  great  number  of  the  troubles  of 
digestion  and  nutrition  in  infants  and  young  children  may  be  traced  to 
the  improper  administration  of  cow's  milk. before  the  gastric  and  pan- 
creatic functions  have  been  developed. 

The  chief  protein  of  cow's  milk  is  caseinogen,  belonging  to  the  class 
of  phosphoproteins.  Though  young  infants  possess  at  first  no  powers  of 
digestion,  these  are  soon  acquired  by  proper  training,  always  provided 
that  the  food  is  suitable.  Caseinogen,  the  protein  of  milk,  is  acted  upon 
by  the  ferment  rennin  in  the  stomach  and  converted  into  an  insoluble 
casein.  It  is  acted  upon  further  by  lactic  acid,  or  by  hydrochloric  acid 
and  pepsin,  and,  like  all  proteins,  is  converted  into  albumoses  and  pep- 
toses.  These,  to  be  utilized  for  nutritional  purposes,  must  be  broken 
down  still  further  into  amino-acids  by  the  processes  of  pancreatic  digestion. 

However,  a  very  important  point  made  by  Pritchard  is  not  to  strain 
the  digestive  and  absorptive  powers  of  an  infant  too  greatly  by  giving 
it  cow's  milk  in  any  form  until  the  digestive  functions  have  been  suffi- 
ciently developed  to  deal  with  this  kind  of  food.  It  may  be  weeks  or 
even  months  before  the  gastric  or  intestinal  functions  become  thus  devel- 
oped. Pritchard,  therefore,  is  of  the  opinion  that  if  an  infant  cannot 
digest  or  break  up  foreign  food  into  those  elementary  fragments  out  of 
which  it  can  synthesize  its  own  specific  nutritive  material,  we  ought 
wholly  or  in  part  to  perform  its  digestive  functions  for  it.  In  other 
words,  we  ought  to  predigest  any  artificial  food  which  is  given  to  the 
newborn  baby. 

Causation  of  Protein  Poisoning  and  Auto-intoxication. — ^With- 
out unduly  digressing  from  the  subject  in  hand,  the  question  of  poisons 
derived  from  proteins  which  may  be  found  in  the  alimentary  canal  and 
which  may  possibly  enter  the  circulation,  may  be  considered  here  with 
advantage.  The  proteoses  and  simpler  products,  when  injected  directly 
into  the  circulation,  can  be  eliminated  rapidly  by  the  kidneys,  but  are 
apparently  toxic,  since  they  tend  to  exert  a  lymphagogue  effect,  inhibiting 
the  coagulation  of  the  blood.  They  also  cause  a  fall  in  arterial  pressure 
and  a  febrile  reaction.  Large  doses  in  animals  may  even  cause  death.  In 
cases  of  ulceration  or  other  lesions  of  the  alimentary  canal,  it  is  conceiv- 
able that  the  proteoses  and  end-products  of  protein  digestion  may  reach 
the  general  circulation,  and — if  the  quantity  absorbed  is  larger  than  the 
liver  can  deal  with — their  presence  may  explain  many  of  the  toxic  symp- 
toms which  are  periodically  observed. 

Albumosuria  is  known  to  occur  when  any  considerable  amount  of  tis- 
sue or  extensive  exudate  is  being  autolyzed  and  absorbed.     The  products 
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thus  formed,  reaching  the  general  circulation,  are  readily  eliminated  in 
the  urine.  In  children  and  in  elderly  people  the  epithelial  cells  of  the 
alimentary  canal  are  apparently  thin,  which  mtiy  explain  the  fact  that 
toxic  attacks  are  more  frequently  observed  among  them.  After  a  too 
copious  protein  diet  probably  no  actually  abnormal  products  are  formed 
in  the  intestines,  but,  since  the  wall  of  the  bowel  has  become  permeable 
to  the  normal  end-products  of  protein  digestion,  a  greater  amount  may 
reach  the  circulation  than  can  be  grappled  with  by  the  organism.  Ac- 
cordingly, the  albumosuria  occurring  in  childhood  and  old  age  may  be 
due  in  some  cases  to  the  arrival  of  these  proteoses  in  the  general  circula- 
tion from  the  bowel  itself. 

It  is  alleged  that  toxic  substances  from  a  protein  diet  may  be  absorbed 
into  the  circulation  and  produce  that  condition  known  as  alimentary  tox- 
emia or  auto-intoxication.  Harley  states  that  among  other  products 
formed  from  protein  in  the  alimentary  canal  and  absorbed  into  the  circu- 
lation, the  sulphur  of  the  protein  can  readily  form  sulphuretted  hydrogen 
when  there  is  putrefaction  going  on.  Under  pathological  conditions,  such 
as  catarrh  of  the  intestines,  or  when  large  quantities  of  protein  have  been 
taken  in  the  diet,  large  amounts  may  be  formed  in  the  intestines.  Ac- 
cording to  Senator,  sulphuretted  hydrogen,  when  absorbed  into  the  blood, 
may  be  held  responsible  for  various  symptoms  which  vary  from  simple 
headache  to  absolute  collapse.  Herter  has  demonstrated  the  toxic  effects 
of  sulphuretted  hydrogen  when  given  to  dogs  per  rectum.  Cyanosis  has 
been  described  by  Stockvis  and  Talma  and  is  considered  to  be  due  to  the 
presence  of  methemoglobin  in  the  blood,  while  Van  der  Bergh  has  ap- 
parently demonstrated  the  presence  of  sulphemoglobin.  In  1886  it  be- 
came a  clinical  practice  to  treat  phthisic  patients  with  large  colon  injec- 
tions of  HgS  (Bergeron).  Cyanosis  and  other  toxic  effects  described  by 
Herter  resulted.  Harley  thinks  that  it  is  difficult  to  determine  to  how 
great  an  extent  one  may  consider  sulphuretted  hydrogen  responsible  for 
the  symptoms  occurring  when  this  substance  is  demonstrated  as  present 
in  the  alimentary  canal,  as  he  has  found  it  generally  accompanied  with 
some  increase  of  indican  in  the  urine.  In  those  cases  in  which  he  had 
an  opportunity  of  making  a  more  complete  metabolic  analysis,  indcl, 
skatol,  phenol  and  cresol  were  also  increased  in  the  stools.  He  has  found 
that  when  sulphuretted  hydrogen  is  very  markedly  increased,  or  when  the 
sulphuretted  hydrogen  is  persistently  found  on  analysis  of  the  feCes,  the 
headaches  often  complained  of  by  these  people  seem  to  be  constant  and 
accompanied  with  greater  depression. 

There  are  many  other  substances,  derived  from  the  protein  by  putre- 
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faction  in  the  alimentary  canal,  which  can  be  isolated  and  which,  under 
certain  instances — such  as  when  the  wall  of  the  intestine  is  thin  or 
abraded — may  be  absorbed  into  the  blood  stream  and  give  rise  to  auto- 
intoxication. Alien  proteins  may  be  toxic  and  are  sometimes  highly  so. 
The  normal  processes  of  digestion  break  down  the  foreign  protein  into 
somewhat  simpler,  though  still  complex,  atom  groups,  which,  after  ab- 
sorption, are  carried  to  the  liver.  It  is  the  function  of  the  latter  to  re- 
constitute the  protein  in  a  form  adapted  for  human'  needs.  One  of  the 
primary  functions  of  the  liver  is  to  act  as  a  shield  against  the  toxicity  of 
foreign  proteins,  and  there  is  evidence  that  when  by  the  formation  of  an 
Eck's  fistula  this  function  is  eliminated,  serious  toxic  results  occur.  In 
short,  auto-intoxication  caused  by  the  absorption  of  alien  proteins  into  the 
circulation  may  be  traced  to  a  defect  in  the  liver,  which,  if  functioning 
properly,  ought  to  shield  the  body  from  their  effects. 

NORMAL  FORMS  OF  PROTEIN  WHEN  ABSORBED.— In  a  normal  con- 
dition, the  absorption  of  unchanged  proteins  is  a  matter  of  little  signifi- 
cance, regarded  from  the  standpoint  of  the  assimilation  of  protein  as  a 
whole.  Practically  all  the  proteins  of  food  ingested  by  man  are  either 
insoluble  or  cooking  has  made  them  insoluble.  Absorption,  then,  cannot 
take  place  until  these  proteins  are  rendered  soluble.  This  end,  as  well 
as  hydration,  is  reached  by  the  action  of  the  gastric  and  pancreatic  juices. 
It  is  the  chief  object  of  these  ferments  to  bring  about  this  result. 

Kuhne  and  Schmidt  Miilheim  both  knew  of  the  production  of  amino- 
acids  as  a  result  of  the  process  of  digestion,  and  yet  they  regarded  their 
production  as  evidence  of  a  waste  of  material. 

Albumoses  and  Peptones. — Physiologists  for  many  years  were 
somewhat  at  sea  as  to  what  happened  to  the  albumoses  and  peptones, 
which  are  soluble  and  diffusible,  after  they  had  been  taken  up  by  the 
absorbing  membrane  of  the  alimentary  canal.  They  do  not  enter  the 
blood  stream  as  such.  That  they  do  not  seems  to  have  been  proved  by 
experiment  and  observations.  Hofmeister  and  Neumeister  concluded 
otherwise,  and  Salvioli  made  experiments  in  the  same  direction,  which 
were  interpreted  as  follows:  that  the  result  of  the  observations  pointed 
to  a  regeneration  in  the  intestinal  wall  of  coagulable  protein  from  the 
albumose  and  peptone  taken  from  the  intestines.  The  debated  question, 
then,  was  whether  the  views  of  Hofmeister  were  correct  in  ascribing  to 
the  leukocytes  of  the  villi  the  greater  part  of  the  regeneration,  or  whether 
such  regeneration  might  rather  be  attributed  to  the  epithelial  cells  of  the 
mucous  membrane. 

In  analyzing  these  experiments.   Starling  records  his  opinion   that 
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the  experiments  did  not  justify  the  conclusion  reached,  but  merely 
showed  that  the  albumoses  and  peptones  disappeared.  Starling  draws 
attention  to  the  fact  that  Conheim  repeated  the  experiments  of  Hof- 
meister  in  order  to  put  their  conclusions  to  the  test,  Conheim  found 
that  while  the  statement  was  accurate  that  peptone  and  Kinger's  fluid 
applied  to  intestinal  mucous  membrane  together  caused  the  disappear- 
ance of  albumose  and  peptone,  this  was  not  owing  to  a  regeneration  of 
coagiilable  protein,  as  claimed  by  Neumeister,  but  because  hydrolysis 
was  advanced  by  the  erepsin  of  the  mucous  membrane,  the  albumoses 
and  peptones  being  by  this  action  converted  into  the  ultimate  product  of 
protein  hydrolysis.  Kutscher  and  Seemann,  as  the  result  of  experi- 
mental w^ork,  came  to  similar  conclusions.  They  demonstrated  that  at 
any  time  after  a  protein  meal  the  end-products,  especially  leucin,  tyrosin, 
lysin  and  arginin,  were  to  be  found  in  the  contents  of  the  small  intestine. 
Cathcart  and  Leathes  repeated  Salvioli's  experiment  and  came  to  con- 
clusions greatly  at  variance  with  those  of  Salvioli.  It  was  found  by  them 
that  the  artificial  circulation,  though  sufficient  to  maintain  the  activity 
of  the  muscular  wall  of  the  intestine,  as  proven  by  the  peristaltic  move- 
ments, was  insufficient  to  keep  the  mucous  membrane  alive.  An  hour's 
experimental  work  showed  that  the  loop  contained  a  mass  of  epithelial 
cells  mixed  w^ith  the  products  of  the  action  of  erepsin  on  the  introduced 
peptone  solution.  In  none  of  the  experiments  was  there  any  decrease 
in  the  amount  of  incoagulable  protein,  and  the  processes  of  absorption 
had  been  brought  to  a  standstill  by  the  desquamation. 

Amino-acids,  Resulting  fkom  Hydrolysis  of  Complex  Proteins. 
— The  experiments  of  Cathcart  and  Leathes  considerably  changed  the 
attitude  of  physiologists  with  regard  to  the  problem  of  protein  absorp- 
tion. These  experiments  tended  to  prove  that  protein,  in  whatever  form 
introduced,  underwent  hydrolysis  in  the  gut  before  entering  the  blood 
stream. 

To  Emil  Fischer's  brilliant  investigations  and  to  other  organic  chem- 
ists of  the  same  school  we  owe  the  possession  of  more  exact  knowledge 
concerning  the  molecular  constitution  of  protein  bodies  than  we  possessed 
but  a  few  years  ago.  It  is  known,  for  instance,  that  complex  bodies  of 
that  nature  consist  of  long  chains  of  relatively  simple  atomic-complexes, 
fatty  acids  and  amino-acids  linked  or  combined  together  in  ester  group- 
ings. 

The  exact  chemical  constitution  of  the  amino-acids  which  are  thus 
synthesized  is  also  known.  It  has  been  discovered  that  while  all  the 
proteins  when  hydrolyzed  yield  the  same  kinds  of  amino-acids,  there  is 
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a  great  deal  of  diiTerence  in  the  relative  amounts  of  these  amino-acids 
contained  in  different  proteins.  At  least  twenty  separate  and  independent 
amino-acids  have  been  isolated  by  chemical  tests  and  have  been  recog- 
nized as  taking  part  in  the  composition  of  the  various  protein  bodies. 
It  is  easy  enough  to  separate  the  various  forms  of  proteins  into  groups 
or  classes,  as  serum  albumins,  globulins,  nucleo-albumins,  caseinogens, 
albumoses,  peptones  or  collagens.  However,  there  are  slight  specific  dif- 
ferences in  the  "make-up"  of  each  representative  of  each  class,  and, 
according  to  Pritchard,  these  specific  differences  unquestionably  depend  on 
the  number  and  the  grouping  of  the  component  amino-acids.  The  serum- 
albumins  or  globulins  of  no  two  animals  are  exactly  alike  from  the  bio- 
chemical standpoint.  This  is  evidenced  by  the  fact  that  if  the  serum  of 
a  horse  is  transfused  into  the  blood  stream  of  a  human  being,  it  acts  like 
a  foreign  body  and  leads  to  the  production  of  specific  precipitins. 

Two  deductions  are  set  down  by  Starling  with  regard  to  the  relation 
of  amino-acids  to  protein  absorption.  The  first  is  that  ^'the  energy  of 
the  protein  as  evolved  in  the  body  lies  not  in  the  coupling  of  the  amino- 
acids  with  one  another,  or  indeed  in  the  coupling  of  the  nitrogen  to  the 
carbon,  but,  as  in  the  case  of  other  foodstuffs,  in  the  carbon  itself.  The 
energy  is  derived  from  the  combustion  of  the  carbon  in  the  molecule 
under  the  influence  of  the  oxidizing  processes  of  the  body  into  carbon 
dioxid.  Certain  experiments  seem  to  show  that  the  theory  has  much  in 
its  favor.  The  second  deduction  made  by  Starling  is  "that  while  a  cer- 
tain proportion  of  the  proteins  of  the  food  may  be  absorbed  unchanged, 
a  larger  proportion  by  far  is  taken  up  as  albumoses  and  peptones  or 
amino-acids."  Halliburton  states  "that  when  protein  material  is  sub- 
jected to  hydrolysis  in  the  alimentary  canal,  it  is  finally  resolved  into 
the  numerous  amino-acids  of  which  it  is  built.  But  before  the  ultimate 
stage  is  reached  it  is  split  into  substances  of  progressively  diminishing 
molecular  size,  which  still  retain  many  of  the  protein  characters." 

The  product  may  be  classified  in  order  of  formation  as  follows: 
(1)  Meta protein s ;  (2)  Proteoses;  (3)  Peptones;  (4)  Polypeptids;  (5) 
Amino-acids. 

According  to  a  very  large  number  of  physiologists,  perhaps  the  ma- 
jority of  them,  practically  all  the  protein  of  the  body  is  presented  to  the 
alimentary  canal  for  absorption  and  for  passing  into  the  blood  stream 
in  the  form  of  amino-acids. 

Amino-acids  and  Peptids  vs.  Blood  Protein. — Alonzo  E.  Taylor, 
in  his  very  excellent  text-book  on  "Digestion  and  Metabolism,"  concludes 
that  the  problem  of  resorption  of  the  products  of  digestion  resolves  itself 
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into  two  possibilities.  Either  the  amino-acida  and  peptids  are  resorbed 
unchanged  and  transported  to  tlie  tissues  in  that  state  for  utilization  or 
as  far  as  is  needed  by  the  cells;  or  blood  protein  is  formed  in  the  intes- 
tinal wall  by  synthesis,  and  the  blood  protein  carried  to  the  cells  for  utili- 
zation. To  attempt  to  occupy  a  middle  ground — that  only  so  much  pro- 
tein is  synthesized  in  the  intestine  as  may  be  needed  in  the  tissues,  the 
excess  of  amino-acids  deaminated  there  and  the  products  carried  to  the 
liver  to  be  converted  into  sugar  and  urea — is  only  to  confuse  the  situation. 
Should  all  the  amino-acids  be  built  back  into  protein  in  the  intestinal  wall 
when  only  a  fraction  thereof  will  be  needed  by  the  tissues  ?  How  should 
the  intestinal  wall  know  how  much  synthesized  protein  will  be  needed  by 
the  tissues  ?  Either  there  is  total  synthesis,  except  for  superfluous  amino- 
acids,  or  there  is  no  synthesis  in  the  intestinal  wall.  To  Taylor,  sound 
reasoning  favors  the  theory  of  synthesis  of  protein  from  amino-acids  in 
the  intestinal  wall.  The  deviation  and  utilization  of  the  blood  proteins 
are  incomprehensible  on  any  other  hypothesis. 

Reasoning  from  the  above  hypothesis,  Taylor  thinks  it  probable  that 
the  products  of  the  digestion  of  protein,  whatever  the  type,  are  resorbed 
in  the  form  of  peptids  and  amino-acids.  When  these  have  passed  through 
the  free  surface  of  the  epithelial  cells  of  the  intestinal  mucosa  and  have 
been  incorporated  with  the  protoplasm  of  the  cells,  what  occurs?  The 
older  view  was  that  they  were  transported  in  this  state  to  the  liver,  there 
to  be  largely  converted  into  protein,  the  remainder  to  be  burned.  It  was, 
of  course,  recognized  that  these  end-products  might  pass  through  the  liver 
and  be  utilized  directly  in  other  tissues  of  the  body ;  but  the  larger  utiliza- 
tion was  localized  in  the  liver.  For  this  view,  held  generally  for  many 
years,  there  was  no  direct  evidence ;  it  simply  appeared  to  be  the  natural 
inference. 

Taylor  somewhat  discredits  the  views  held  by  Starling  and  the  most 
recent  investigators — that  practically  all  the  protein  of  the  body  is  pre- 
sented to  the  absorbing  mechanisms  of  the  alimentary  canal  for  absorp- 
tion and  for  passing  on  into  the  circulating  fluids.  He  points  out  that  the 
positive  chemical  demonstration  of  amino-acids  in  the  portal  blood  or  in 
the  general  circulation  with  the  Ev-k  fistula,  or  in  the  normal  circulation, 
has  n^ver  been  accomplished.  Within  recent  years,  moreover,  the  inves- 
tigations wdth  the  Eck  fistula  have  shown  that  the  results  of  this  operation 
properly  performed  have  been  greatly  exaggerated,  and  the  dependence  of 
the  symptoms  upon  the  amount  of  protein  in  the  diet  greatly  overrated. 

Indirect  evidence  and  general  considerations  seem  to  lead  to  the  view 
that  the  synthesis  of  protein  from  the  end-products  of  digestion  occurs 
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in  the  protoplasm  of  the  epithelial  cells  of  the  intestine.  Howell  con- 
cludes that  under  normal  conditions  the  protein  of  the  food  is  split  into 
its  constituent  amino-acids  by  the  successive  action  of  the  pepsin,  trypsin 
and  probably  erepsin.  It  seems  probable,  or  even  certain,  judging  from 
the  results  of  experiments,  that  during  the  digestion  of  proteins  amino- 
acids  are  taken  up  by  the  blood  flowing  from  the  intestines.  It  is  only 
recently  that  methods  have  been  devised  for  the  purpose  of  recognizing 
amino-acids  in  such  fluids  as  blood.  Alanin  and  valin  have  been  obtained 
from  the  blood  in  crystalline  form  and  histidin  has  been  recognized  by 
its  reaction.  Van  Slyke  and  Meyer  have  shown  that  in  the  blood  of  dogs 
amino-acids  are  constantly  present  in  small  amounts,  and  that  after  a 
meal  this  concentration  is  definitely  increased. 

In  the  light  of  recent  work  it  may  be  supposed  that  the  normal  course 
of  events  in  regard  to  the  absorption  of  proteins  is  as  follows:  the  di- 
gested proteins  are  absorbed  as  amino-acids  and  distributed  to  the  tissues 
by  means  of  the  blood.  The  tissues  select  and  store  certain  of  these 
bodies,  and  probably  in  each  organ  subsequent  use  is  made  of  them  to 
build  up  new  tissue  or  to  repair  the  wastes  of  metabolism.  Ther.e  is  prob- 
ably no  especial  form  of  circulating  protein  which  serves  as  a  pabulum 
for  tissue  repair  and  growth,  but  the  amino-acids  themselves  constitute 
the  form  in  which  nitrogen  food  is  presented  to  the  different  tissues,  just 
as  dextrose  constitutes  the  circulatory  form  of  carbohydrate  food.  Each 
tissue,  from  the  amino-acids  offered  to  it,  builds  up  its  own  form  of  pro- 
tein, and  the  amino-acids  not  used  for  this  synthesis  may  be  deaminized 
and  then  employed  for  energy  purposes.  There  is  evidence  that  in  the 
liver  especially  many  of  the  amino-acids  arising  from  the  digested  food 
undergo  deaminization,  the  nitrogen  being  eliminated  as  urea.  During 
starvation  the  amino-acid  content  of  the  blood  is  maintained  probably 
because  the  tissues  themselves  or  some  of  them  undergo  self -digest  ion  or 
autolysis,  and  thus  furnish  food  material  for  the  active  tissues. 

Leathes,  Howell,  and  later  Folin,  have  succeeded  in  demonstrating 
that  during  absorption  the  non-protein — that  is,  the  amino-acid  nitrogen 
of  the  blood — increases,  and,  as  Halliburton  points  out,  we  have  now  a 
rational  explanation  of  why  it  is  that  the  organism  can  construct  the  pro- 
teins peculiar  to  itself  and  maintain  its  chemical  individuality,  although 
the  food  taken  varies  so  widely  in  composition.  Halliburton  describes  the 
absorption  of  protein  by  this  ingenious  metaphor :  If  a  man  wants  to  build 
a  house  from  the  bricks  of  another  house  previously  built,  he  naturallv 
takes  the  latter  to  pieces  first,  uses  the  bricks  most  suitable  for  his  pur- 
pose, and  arranges  them  in  a  new  way.     The  Germans  have  recently 
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coined  the  expression  ''Bausteine**  or  building  stones,  for  the  final  prod- 
ucts of  proteolysis  with  the  same  underlying  idea.  This  idea  explains 
why  we  speak  of  the  ajnino-acids  as  the  final  chjavage  products  of  pro- 
tein digestion.  These  fragments  are  rearranged  by  the  tissue  cells  into 
tissue  protein,  which  is  different  architecturally  from  the  food  protein. 
However,  enough  has  been  written  to  expound  and  explain  the  latest 
views.  Although  the  opinions  here  set  down  are  those  which  carry  the 
most  weight,  since  they  are  the  outcome  of  the  careful  and  painstaking 
investigations  of  scientists  who  have  specialized  in  the  question  of  food 
absorption,  yet  the  problem  is  by  no  means  completely  solved.  Most  of 
the  salient  facts  are  known,  but  there  are  still  weak  links  in  the  chain. 
Starling's  views  are  widely  held  by  the  majority  of  investigators,  in 
spite  of  some  differences  of  opinion,  namely,  that  proteins  are  practically 
entirely  converted  into  amino-acids  and  absorbed  as  such  in  the  small 
intestine. 

These  amino-acids — recently  termed  the  units,  or  '^ Bausteine'* — form 
the  component  parts  of  the  protein  molecule,  and,  as  pointed  out  in  Chap- 
ter II,  it  is  known  that  they  are  the  ultimate  products  of  hydrolysis  of 
proteins  by  acids  or  by  the  actions  of  certain  ferments.  The  amino-acids 
have  one  peculiar  characteristic:  they  all  contain  the  basic  radical  NH2 
in  their  formula,  which  is  graphically  outlined  in  Volume  I,  Chapter  II, 
explaining  the  chemistry  of  the  amino-acids. 

Course  of  the  Amino-acids  in  the  System. — The  amino-acids  are  ap- 
parently absorbed  by  the  intestinal  epithelium,  and  observations  made 
during  a  condition  of  starvation  appear  to  show  that  the  normal  protein 
requirements  of  the  body,  or  of  the  active  tissues,  are  met  at  the  expense 
of  the  less  active  tissues.  As  Halliburton  points  out,  the  body  is  remark- 
able for  its  economical  use  of  the  tissue  proteins,  and  quite  a  small  quan- 
tity relatively  is  used  up  in  our  daily  activities,  so  that  repair  is  neces- 
sary only  to  the  same  small  extent.  The  theory  that  the  amino-acids 
were  decomposed  in  the  intestinal  wall  into  ammonia  and  non-nitrogenous 
residues,  as  well  as  the  theory  that  the  amino-acids  are  at  once  synthesized 
into  blood  proteins,  can  be  finally  disposed  of  as  incorrect. 

Van  Slyke,  in  discussing  the  "Present  Significance  of  the  Amino- 
acids  in  the  Physiology  of  Digestion,"  has  shown  experimentally  that 
the  amino-acid  concentration  in  the  portal  blood  shortly  after  a  meal  may 
be  double  the  normal  concentration  of  these  acids  in  the  blood.  And  the 
vividiffusion  experiments  of  Abel,  Rowntree  and  Turner  have  proved  the 
presence  of  several  of  these  acids  in  the  circulating  blood  of  dogs.  It  has 
been  proved,  therefore,  that  amino-acids  are  absorbed  and  circulate  in  the 
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blood  as  such,  and  recent  experiments  at  the  laboratory  of  the  Eockef eller 
Institute  have  shown  that  peptids  and  albumoses  are  not  absorbed  from 
the  intestine.  Practically  all  the  nitrogen  derived  from  ingested  and 
digested  proteins  is  found  in  the  portal  blood  stream  in  the  form  of 
ultimate  amino-acids. 

Van  Slyke's  recent  investigations  qualify  him  to  write  authoritatively 
concerning  the  ultimate  fate  of  the  amino-acids  after  they  have  entered 
the  blood  stream.  His  analyses  of  tissues  of  dogs  after  intravenous  injec- 
tions of  known  amounts  of  amino-acids  have  shown  that  the  several  organs 
and  tissues  promptly  remove  all  excess  above  the  normal  concentration. 
The  liver  is  the  first  and  most  active  organ  in  this  function  of  removal, 
but  the  muscles,  the  kidneys,  and  other  organs  also  remove  considerable 
amounts.  The  removal  by  these  several  organs  and  tissues  does  not  follow 
any  physical  or  chemical  law,  for  the  acids  are  not  found  in  the  tissues, 
in  even  loose  chemical  combination,  and  are  not  present  in  a  concentra- 
tion equal  to  their  concentration  in  the  circulating  blood. 

Having  traced  the  amino-acids  from  their  original  formation  by  hydrolysis  of 
food  proteins,  through  the  intestinal  wall,  into  the  circulation  and  out  of  the 
circulation,  into  the  tissues,  we  must  determine  their  ultimate  fate.  It  has  been 
shown  that  the  greater  portion  of  the  daily  intake  of  protein  nitrogen  is  elimi- 
nated within  twenty-four  hours  in  the  form  of  urea.  It  is  evident,  therefore, 
that  the  amino-acids  find  but  temporary  lodgment  in  the  tissues  by  which  they 
are  absorbed  and  are,  for  the  most  part,  rapidly  destroyed  and  excreted.  It  is 
probable  the  liver  is  the  most  active  organ,  both  in  the  absorption  and  in  the 
destruction  or  preparation  of  the  amino-acids  for  elimination  or  for  storage  as 
reserve  protein.  By  experiment  it  was  shown  that  the  liver  does  not  store  amino- 
acids  to  any  appreciable  extent,  but  converts  almost  all  of  the  amino-acids  reach- 
ing it  into  urea  as  fast  as  they  arrive.  It  is  probable,  however,  that  the  liver 
is  not  the  only  tissue  capable  of  converting  them  into  urea,  but  it  is  certain  that 
it  is  the  most  active  normally.  The  liver  does  not  wait  until  the  tissues  of  the 
body  have  been  saturated  with  amino-acids  after  a  protein  meal  before  destroying 
them,  but  begins  their  destruction  at  once  as  they  reach  it  after  absorption,  and 
within  a  very  few  minutes  after  the  ingestion  of  meat.  Whether  or  not  the  liver 
destroys  all  of  the  amino-acids  which  reach  it,  and  whether  it  converts  a  certain 
proportion  of  them  into  reserve  protein  which  it  stores,  are  points  which  have 
not  yet  been  proved,  and  upon  which  we  cannot  therefore  speak. 

A  considerable  store  of  free  amino-acids  is  always  to  be  found  in  the 
muscles  and  other  tissues,  and  this  cannot  be  reduced  in  amount  even  by 
prolonged  fasting.  Chemical  incorporation  of  the  amino-acids  into  re- 
serve or  tissue  protein  does  not  take  place  rapidly  after  absorption  of  the 
acids  from  the  blood  stream.     So  far,  we  know  but  little  as  to  which  of 
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the  amino-acids  can  hv  synthesized  hy  man  and  wliich  nmst  be  taken 
already  formed  from  his  food.  It  is  known,  however,  that  lysin,  tryp- 
tophan, cystein,  and  probably  fyrosin,  are  essential  and  must  be  obtained 
already  formed.  We  know,  further,  that  the  higher  animals  can  syn- 
thesize some  of  the  simpler  amino-acids,  such  as  ylycocott. 

The  amino-acids  which  are  not  incorporated  into  the  body  are  broken 
down  by  splitting  of  the  amino-group  with  the  formation  of  ammonia  and 
a  hydroxyl  acid.  The  ammonia  is  converted  into  urea  and  eliminated. 
The  fatty  acid  left  is,  in  the  case  of  half  of  the  amino-acids,  then  con- 
verted into  ghicose. 

Lusk  points  out  that  the  amino-ncids  are  absorbed  by  the  blood,  ar> 
first  indicated  by  the  work  of  Howell,  ''The  Science  of  Nutrition," 
American  Journal  of  Physiolnyy,  r.)()(),  page  273,  who  dialyzed  dogs* 
blood  both  before  and  after  giving  meat,  and  in  the  latter  instance  recov- 
ered more  material  on  adding  naphthalene  sulphochlorid  to  the  diffusate 
than  in  the  former.  The  precipitate,  however,  being  an  oil,  its  quantity 
could  not  be  measured  accurately.  Folin  and  Denis  made  experiments 
on  animals,  the  results  of  which  indicate  that  absorbed  amino-acids  cir- 
culate in  the  blood  stream,  are  retained  in  the  muscle  tissue,  and  that 
after  an  hour  urea  rises  in  the  blood  in  response  to  the  increased  pro- 
duction of  urea  in  the  tissues.  They  found  no  increase  in  the  quantity 
of  urea  or  of  ammonia  in  the  blood  of  the  portal  vein  after  introducing 
glycocoll  or  alanin  into  a  loop  of  the  intestine,  and  by  the  experiment 
demonstrated  that  the  amino-acids  were  absorbed  unchanged  without 
deamination,  which  would  have  involved  ammonia  or  urea  production. 
Lusk,  in  summarizing  the  pros  and  cons  of  a  discussion  regarding  the 
course  of  the  amino-acids  in  the  blood,  is  of  the  opinion  that  "it  becomes 
clear  that  though  the  body  is  built  up  of  proteins  ^vhich  are  aggregates 
of  amino-acids,  these  same  amino-acids  occur  free  in  only  minimal 
amounts,  4  parts  in  100,000  in  blood,  for  example,  and  40  to  80  parts 
in  100,000  of  muscle.  These  small  amounts  are  constantly  present,  and 
apparently  are  the  precursors  of  urea.  After  giving  meat  in  large  quan- 
tity the  amino-acid  concentration  rises  in  the  blood,  but  not  in  the  tissues, 
for  in  the  tissues  the  amino-acids  are  either  destroyed  with  the  produc- 
tion of  urea  or  they  are  reconstructed  into  body  protein,  thus  becoming 
'deposit  protein.'  When  starvation  takes  place  it  is  obvious  that  the 
quantity  of  protein  destroyed  may  depend  upon  the  protein  condition 
of  the  cells  themselves,  and  that  in  the  presence  of  much  'deposit  pro- 
tein' this  may  be  metabolized  in  large  quantity  during  the  first  few  days, 
as  is  indicated  by  a  high  nitrogen  elimination  in  the  urine." 
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Starling  holds  that  although  the  experimental  proof  of  the  conclu- 
sion that  the  blood  carries  the  protein  from  the  alimentary  canal  by 
means  of  amino-acids  is  beset  with  many  difficulties,  there  is  a  prior 
reason  to  believe  that  such  is  the  case.  Experiments  in  this  direction 
are  somewhat  confusing.  Starling,  therefore,  submits  three  possible 
processes  which  may  take  place. 

At  the  present  time  it  is  impossible  to  decide  with  any  certainty  as  to 
which  of  these  views  of  the  fate  of  the  ingested  protein  is  correct.  It  is 
possible  that  all  three  processes  may  take  place: 

(a)  A  proportion  of  the  protein  may  be  built  up  in  the  cells 
lining  the  alimentary  canal  to  form  blood  protein,  so  that  this 
organ  would  have  to  be  regarded  as  an  important  blood-forming 
organ. 

(h)  Another  portion,  representing  the  amount  required  to 
replace  the  tissue  waste  of  the  body,  is  absorbed  into  the  blood 
stream  as  amino-acids,  in  which  form  it  is  carried  to  the  tissues 
and  reintegrated  into  the  protein  characteristic  of  each  tissue. 

(c)  A  third  portion,  probably  the  major  portion  of  the  pro- 
tein, does  not  reach  the  tissues  at  all  as  a  nitrogenous  compound, 
but  undergoes  deaminization  in  the  intestinal  wall,  the  nitrogen 
being  carried  rapidly  to  the  liver  and  converted  into  urea  and 
then  excreted  by  the  kidneys,  while  the  non-nitrogenous  moiety 
is  carried  to  the  tissues,  to  which  it  serves  as  a  ready  and  im- 
portant source  of  energy. 

Some  of  the  matters  discussed  in  the  foregoing  paragraphs  reiterate 
the  views  of  the  most  prominent  authorities  on  the  question  of  food  ab- 
sorption, but  it  is  emphasized  in  this  manner  in  order  to  drive  home 
the  fact  that  the  modem  theory  of  the  absorption  of  food  rests  mainly 
upon  the  supposition  that  this  process  is  one  with  which  the  amino-acids 
are  chiefly  concerned.  As  to  the  exact  manner  in  which  the  amino-acids 
act,  definite  knowledge  is  lacking,  but  the  recent  investigations  of  the 
leaders  of  research  in  this  direction  tend  to  prove  that  they  pursue  the 
course  which  has  been  already  clearly  stated — that  proteins  are  split  by 
the  digestive  juices  into  their  constituent  amino-acids,  and  that  these  sub- 
stances pass  as  such  into  the  blood  stream. 
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THE  ROLE  OF  THE  WHITE  BLOOD  CORPUSCLES  IN 
THE  ABSORPTION  OF  FOOD 

When  food  is  in  the  course  of  absorption  the  leukocytes  accumulate 
in  the  mucous  membrane  of  the  gut  After  a  meal  has  been  absorbed 
they  are  found  in  the  blood  in  very  large  quantities.  Schiifer  describes 
them  as  loading  themselves  with  fat  and  carrying  the  fat  to  the  chyle 
where  the  fat  is  set  free  by  tlie  dissolution  of  the  leukocyte. 

Leukocytosis  is  said  to  be  most  pronounced  during  the  digestion  of 
proteins.  These  leukocytes  that  ingest  bacteria  are  termed  ''phagocytes." 
The  "phagocytosis  tlieory  of  Metchnikotf"  assumes  that  the  functions  of 
the  leukocytes  is  to  ingest  foreign  particles,  including  bacteria  with 
which  they  come  into  contact,  in  the  manner  that  the  ameboid  leukocytes 
are  known  to  do.  This  function  was  the  foundation  for  Wright's  opsonic 
theory,  which  was  to  the  effect  that  the  power  of  the  leukocytes  to  ingest 
bacteria  depends  upon  the  presence  in  the  plasma  of  certain  substances 
to  which  the  name  of  opsonin  was  given,  which  render  the  bacteria  in  such 
a  state  that  they  are  particularly  susceptible  or  sensitive  to  attacks  by 
the  leukocytes.  Howell  states  that  they  also  aid  in  the  absorption  of  fats 
from  the  intestine.  They  aid  in  the  absorption  of  peptones  from  the 
intestine.  They  take  part  in  the  process  of  blood  coagulation.  They 
are  held  to  maintain  the  normal  protein  composition  of  the  blood 
plasma. 

Howell  further  comments  "that  the  blood  proteins  are  peculiar,  and 
they  are  not  formed  directly  from  the  digested  food.  It  is  possible  that 
the  leukocytes,  which  are  the  only  phagocytic  cells  in  the  body,  aid  in  keep- 
ing up  the  normal  supply  of  proteins.  From  this  standpoint  they  might 
be  regarded,  in  fact,  as  unicellular  glands,  the  products  of  their  metab- 
olism serving  to  maintain  the  normal  composition  of  the  blood  plasma. 
When  the  products  of  digestion  of  proteins  are  in  the  capillary  tubes  the 
leukocytes  are  chemotactic  towards  them,  and  as  they  exliibit  the  same 
tendency  towards  decomposing  tissue,  Hofmeister  has  suggested  that  most 
of  the  proteins  are  absor'bed  by  uniting  with  the  leukoc>i^  body.  Decom- 
position of  the  whole  or  part  of  the  cell  is  supposed  to  set  them  free. 
As  the  agreement  among  physiologists  appears  to  be  general  that  proteins 
are  absorbed  as  amino-acids,  and  enter  the  blood  stream  as  such,  and, 
moreover,  when  the  rapidity  and  volume  of  absorption  and  the  relatively 
small  number  of  leukocytes  found  in  the  blood  are  considered,  this  theory 
will  hardly  bear  close  analysis.  However,  there  are  still  some  indica- 
tions that  blood  proteins  may  be  formed  by  leukocytes  and  that  they  busy 
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themselves  in  securing  sufficient  protein  to  supply  the  needs  of  the  blood 
tissue  alone. 

Perhaps  most  writers  on  physiology  have  reached  the  conclusion  that 
the  work  of  the  leukocytes  is  limited  to  the  removal  of  dead  or  injured 
tissue.  At  any  rate,  much  further  investigation  is  called  for  before  any 
positive  statement  is  made  concerning  the  role  of  the  leukocytes  during 
absorption. 

OSMOSIS,  DIALYSIS  AND  DIFFUSION 

At  one  time  certain  known  physical  and  chemical  energies  were  con- 
sidered to  be  sufficient  to  explain  the  facts  of  absorption,  namely,  osmosis, 
dialysis,  diffusion,  and  imbibition,  which  consists  in  the  passage  of  fluid 
under  pressure  through  a  membrane.  These  were  thought  to  be  the 
principal  means  of  absorbing  food  material.  These  factors  undoubtedly 
play  an  important  role  in  the  passage  of  solutions  through  the  alimentary 
mucous  membrane  and  the  walls  of  the  blood  vessels.  The  part  which 
the  physical  factors  play  is  probably  most  pronounced  in  the  absorption 
of  water  and  crystalloids.  The  nature  of  the  fluid  within  the  digestive 
tract,  and  the  movements  of  the  walls  of  the  stomach  and  intestines  by 
means  of  which  the  material  to  be  absorbed  is  brought  into  intimate  con- 
tact with  the  absorbing  membrane,  are  additional  factors  which  influence 
absorption. 

But  before  dealing  with  this  phase  of  the  question  it  may  be  as  well  to 
define  the  terms  diffusion,  dialysis  and  osmosis. 

Definition  of  the  Terms — According  to  Howell,  "When  two  gases  are 
brought  into  contact  a  hemogeneous  mixture  of  the  two  is  soon  formed. 
This  interpenetration  of  gases  is  spoken  of  as  diffusion,  and  is  due  to  the 
continual  movement  of  the  gaseous  molecules  to  and  fro  within  the  limits 
of  the  confining  space.  So  also  when  two  miscible  liquids  or  solutions 
are  brought  into  contact  a  diffusion  occurs  for  a  similar  reason,  the  move- 
ments of  the  molecules  finally  effecting  a  hemogeneous  mixture.  If  the 
two  liquids  happen  to  be  separated  by  a  membrane,  diffusion  will  still 
occur,  provided  the  membrane  is  permeable  to  the  liquid  molecules,  and 
in  time  the  liquids  on  the  two  sides  will  be  mixtures  having  a  uniform 
composition.  Not  only  water  molecules,  but  the  molecules  of  many  sub- 
stances in  solution,  such  as  sugar,  may  pass  to  and  fro  through  mem- 
branes so  that  two  liquids  separated  from  each  other  by  an  intervening 
membrane  and  originally  unlike  in  composition,  may  finally,'  by  the  act 
of  diffusion,  come  to  have  the  same  composition."     Dialysis  refers  more 
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strictly  to  the  passage  of  substances  dissolved  in  water  through  animal 
membranes — osmosis,  to  the  passage  of  water  alone. 

^^In  the  body  we  deal  with  aqueous  solutions  of  various  substances  that 
are  separated  from  each  other  by  living  membranes,  such  as  the  walls  of 
the  blood  capillaries  or  of  the  alimentary  canal.  The  laws  of  diffusion 
through  membranes  are  of  importance  in  explaining  the  passage  of  water 
and  dissolved  substances  through  these  living  septa.  In  aqueous  solutions, 
such  as  are  found  in  the  body,  the  movements  of  the  molecules  of  water, 
as  well  as  of  the  substances  in  solution,  must  be  taken  into  account. 
These  latter  may  have  different  degrees  of  diffusibility  as  compared  with 
one  another  or  with  the  water  molecules,  and  it  frequently  happens  that 
a  membrane  which  is  permeable  to  water  molecules  is  less  permeable  or 
even  impermeable  to  the  molecules  of  the  substances  in  solution.  For  this 
reason  the  diffusion  stream  of  water  and  of  the  dissolved  substances  may 
be  differentiated  to  a  greater  or  less  extent."  In  recent  years  it  has  becom.e 
customary  to  limit  the  term  osmosis  to  the  stream  of  water  molecules 
passing  through  a  membrane,  while  the  term  dialysis  or  diffusion  is  ap- 
plied to  the  passage  of  the  molecules  of  the  substances  in  solution.  The 
osmotic  stream  of  water  under  varying  conditions  is  especially  important. 

Osmotic  Pressure — In  connection  with  this  process  it  is  necessary  to 
define  the  term  osmotic  pressure  as  applied  to  solutions.  A  perfectly  sat- 
isfactory explanation  of  the  nature  of  osmotic  pressure  has  not  yet  been 
furnished.  According  to  Halliburton,  "The  following  simple  explanation 
is  the  best.  Suppose  we  have  a  solution  of  sugar  separated  by  a  semi- 
permeable membrane  from  water;  that  is,  the  membrane  is  permeable  to 
water  molecules,  but  not  to  sugar  molecules.  The  streams  of  water  from 
the  two  sides  will  then  be  unequal ;  on  one  side  we  have  water  molecules 
striking  against  the  membrane  in  what  we  may  call  normal  numbers, 
while  on  the  other  side  both  water  molecules  and  sugar  molecules  are 
striking  against  it.  On  this  side,  therefore,  the  sugar  molecules  take  up 
a  certain  amount  of  room,  and  do  not  allow  the  water  molecules  to  get  to 
the  membrane;  the  membrane  is,  as  it  were,  screened  against  the  water 
by  the  sugar,  therefore,  fewer  water  molecules  will  get  through  from 
the  screened  to  the  unscreened  side  and  vice  versa — in  other  words,  the 
osmotic  stream  of  water  is  greater  from  the  unscreened  water  side  to  the 
screened  water  side  than  it  is  in  the  reverse  direction.  The  more  sugar 
molecules  that  are  present,  the  greater  will  be  their  screening  action ;  thus 
we  see  that  the  osmotic  pressure  is  proportional  to  the  number  of  sugar 
molecules  in  the  concentration  of  the  solution."  According  to  Van't  HofT's 
hypothesis  the  osmotic  pressure  is  equal  to  that  which  the  dissolved  sub- 
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stance  would  exert  if  it  occupied  the  same  space  in  the  form  of  a  gas.  The 
nature  of  the  substance  makes  no  difference;  it  is  only  the  number  of 
molecules  in  it  which  causes  osmotic  pressure  to  vary. 

PRESSURE  EXERTED  BY  CRYSTALLOIDS.— From  Halliburton's  re- 
searches concerning  osmosis,  dialysis  and  diffusion  he  thinks,  'The 
osmotic  pressure  exerted  by  crystalloids  is  very  considerable,  but  their 
ready  diffusibility  limits  their  influence  on  the  flow  of  water  in  the  body. 
Thus  if  a  strong  solution  of  salt  is  injected  into  the  blood,  the  first  effect 
will  be  the  setting  up  of  an  osmotic  stream  from  the  tissues  to  the  blood. 
The  salt,  however,  will  soon  diffuse  out  into  the  tissues,  and  will  then 
exert  osmotic  pressure  in  the  opposite  direction.  Moreover,  both  effects 
will  be  but  temporary,  because  excess  of  salt  is  soon  eliminated  by  the 
excreting  organs." 

OSMOTIC  PRESSURE  OF  PROTEINS.— It  has  been  generally  assumed 
that  proteins,  the  most  abundant  and  important  constituents  of  the  blood, 
exert  little  or  no  osmotic  pressure.  According  to  Starling,  they  have  a 
small  osmotic  pressure.  As  Halliburton  points  out,  if  this  be  so,  even  a 
slight  pressure  is  of  importance,  for  proteins,  unlike  salt,  do  not  diffuse 
readily,  and  their  effect  therefore  remains  as  an  almost  permanent  factor 
in  the  blood.  Starling  places  the  osmotic  pressure  of  the  proteins  of  the 
blood  as  equal  to  30  mm.  of  mercury.  Halliburton  is  of  the  opinion  ''that 
from  the  theoretical  standpoint  we  would  find  it  difficult  to  imagine  that 
a  pure  protein  can  exert  more  than  a  minimal  osmotic  pressure.  It  is 
made  up  of  such  huge  molecules  that,  even  when  the  proteins  are  present 
to  the  extent  of  7  to  8  per  cent  as  they  are  in  blood-plasma,  there  are  com- 
paratively few  protein  molecules  present,  and  these  are  in  a  state  of  col- 
loidal solution,  not  true  solution.  Still  by  means  of  this  weak  but  con- 
stant pressure  it  is  possible  to  explain  the  fact  that  an  isotonic  or  even  a 
hypertonic  solution  of  a  diffusible  crystalloid  may  be  completely  absorbed 
from  the  peritoneal  cavity  into  the  blood.  The  pressure  obser\^ed  may 
be  due  to  saline  materials,  from  which  it  is  difficult  to  separate  proteins. 
The  functional  activity  of  the  tissue  elements  is  accompanied  by  the 
breaking  down  of  their  protein  constituents  into  such  simple  materials  as 
urea,  and  its  precursors,  sulphates  and  phosphates.  These  materials  pass 
into  the  lymph,  and  increase  its  molecular  concentration  and  its  osmotic 
pressure;  thus  water  is  attracted  from  the  blood  to  the  lymph,  and  so 
the  volume  of  lymph  rises  and  its  flow  increases.  On  the  other  hand, 
as  these  substances  accumulate  in  the  lymph  they  will  in  time  attain  there 
a  greater  concentration  than  in  the  blood,  and  so  they  will  diffuse  towards 
the  blood,  by  which  they  are  carried  to  the  organs  of  excretion.    However, 
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this  difficulty  exists.  The  proteins  which  are  most  important  for  the 
nutrition  of  the  tissues  are  practically  indiffusible.  Therefore,  it  must 
be  assumed  that  their  presence  in  the  lympli  is  due  to  filtration  from  the 
blood."  The  plasma  in  the  capillaries  is  under  a  somewhat  higher  pres- 
sure than  the  lymph  in  the  tissues,  and  this  tends  to  squeeze  the  con- 
stituents of  the  blood,  including  the  proteins,  through  the  capillary  walls. 
Waymouth  Iveid  finds  that  absolutely  pure  proteins  exert  no  osmotic 
pressure;  the  pressure  observed  is  due  to  saline  and  other  materials  from 
which  it  is  difficult  to  disentangle  the  proteins.  Imbibition  is  the  absorp- 
tion of  fluid  by  a  solid  body  without  resultant  chemical  changes  in  either. 
All  colloids  are  subject  to  imbibition,  which  in  many  cases  is  impossible 
to  distinguish  from  the  processes  of  solution. 

As  noticed  before,  the  processes  of  osmosis  and  diffusion  are  most  im- 
portant from  the  physiological  standpoint.  There  are  aqueous  solutions 
of  various  substances  in  the  body  separated  from  one  another  by  mem- 
branes :  the  endothelial  walls  of  the  capillaries  separating  the  blood  from 
the  lymph ;  the  epithelial  walls  of  the  kidney  tubules  separating  the  blood 
and  lymph  from  the  urine;  epithelium  in  all  secreting  glands;  and  lastly 
the  wall  of  the  alimentary  canal  separating  the  digested  food  from  the 
blood  vessels  and  lacteals.  Hence,  in  problems  such  as  lymph  formation, 
the  formation  of  urine  and  other  excretions  and  secretions,  and  absorption 
of  food,  the  laws  which  regulate  the  movements  both  of  water  and  sub- 
stances which  are  held  in  solution  by  water  must  be  taken  into  account. 

Filtration. — Osmosis  is  not  the  only  force  at  work.  Filtration  must 
be  considered — that  is,  the  forcible  passage  of  materials  through  mem- 
branes, due  to  differences  of  mechanical  pressure.  That  osmosis  is  not 
sufficient  to  account  for  the  absorption  of  food  is  clearly  shown  by  the 
fact  which  Keid  has  pointed  out,  namely,  that  if  the  living  epithelium  of 
the  intestine  is  removed,  absorption  comes  very  nearly  to  a  standstill, 
although  from  the  purely  physical  standpoint  removal  of  the  thick 
columnar  epithelium  would  increase  the  facilities  for  osmosis  and  filtra- 
tion. 

Consequently,  mechanical  and  physical  factors  supply  no  wholly  ade- 
quate explanation  of  the  observed  facts  of  the  absorption  of  food.  There 
is  some  hitherto  unexplained  factor  bound  up  in  the  characteristics  of  the 
living  protoplasm  of  the  epithelial  cells  themselves.  If  isotonic  blood 
serum  be  introduced  into  the  intestine  the  salts  and  water  are  at  once  ab- 
sorbed, also  the  albumins,  but  more  slowly.  When  this  occurs  the  osmotic 
conditions  are  in  balance  and  the  pressure  is  greater  on  the  side  of  the 
blood  vessels  so  that  absorption  takes  place  with  the  actual  expenditure 
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of  energy.  The  really  important  fact  remains  that  the  absorption  through 
a  living  membrane  is  influenced  by  the  membrane  in  ways  that  as  yet 
have  not  been  tlioroughly  made  plain.  This  is  the  factor  that  determines 
the  different  rate  of  absorption  and  the  so-called  selective  absorption  in 
various  regions  of  the  alimentary  canal. 

The  object  of  this  chapter  is  to  show  as  far  as  possible  how  absorp- 
tion of  food  in  the  body  is  carried  on.  'No  absolutely  definite  conclusion 
has  been  reached  on  this  point,  but  the  majority  of  those  who  have  been 
engaged  in  physiological  investigations  and  observations  are  of  the  opin- 
ion that  it  is  a  living  and  not  a  mechanical  action.  In  a  healthy  body 
the  skin  as  an  organ  of  absorption  may  be  excluded  as  a  negligible 
quantity.  The  views  of  authorities  on  physiology  have  been  largely 
drawn  upon. 
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CHAPTER   VIII 

BACTERIAL  DECOMPOSITICK  OF  FOOD  IN  THE  GASTRO- 
INTESTINAL TRACT  DURING  THE  PROCESS  OF 
DIGESTION  * 

Arthur  I.  Kendall,  B.S.,  Ph.D.,  Dr.P.H. 

Experimental  Observations  of  Bacterial  Metabolism:  Relation  to  Human 
Metabolism. 

Nature  of  .Bacterial  Metabolism;  Anabolic  and  Catabolic  Activity;  Spe- 
cificity of  Microbic  Action;  Influence  of  Utilizable  Carbohydrates 
upon  the  Formation  of  Proteolytic  Enzymes. 

Gastrointestinal  Bacteriology:   In  Normal  Infants;  Adolescents;    Adults. 

Regional  Bacteriology. 

Experiments  to  Determine  the  Nature  of  Bacterial  Activity Direct  ob- 
servations relating  to  bacterial  decomposition  of  food  in  the  gastro-intes- 
tinal  tract  are  few  in  number  and,  for  the  most  part,  these  observations 
have  been  but  incidental  details  in  studies  of  material  obtained  from 
natural  or  artificially  produced  fistulse  in  the  human  being  or  the  experi- 
mental animal.  As  a  general  rule  such  material  is  small  in  amount,  dif- 
ficult to  obtain  and  not  collected  primarily  for  bacteriological  purposes. 
It  is  obviously  impossible  to  reproduce  experimentally,  at  the  present  time 
at  least,  those  complex  intestinal  conditions  in  which  alimentary  enz^Tnes, 
bacterial  symbioses  and  antibioses,  absorption  of  products  of  digestion 
and  of  bacterial  excretion  and  other  factors  mutually  react  as  in  a  normal 
digestive  system.  Relatively  simple  observations  in  vitro,  where  intes- 
tinal organisms  are  grown  in  the  products  formed  from  the  digestion  of 
mixtures  of  proteins  and  carbohydrates  and  fats  by  gastro-intestinal  en- 
zymes, are  unrecorded. 

It  will  be  seen,  therefore,  that  available  evidence  relating  to  the  bac- 
terial decomposition  of  foods  in  the  gastro-intestinal  tract  must  be  largely 
circumstantial;  it  is  drawn  chiefly  from  two  sources, — first,  the  changes 
induced  in  sterile  foods  by  various  extracts  of  the  gastro-intestinal  tracts 

1 A  bibliography  covering  the  subject  matter  presented  herein  will  be  found  in 
Kendall's  "Bacteriology,  General,  Pathological  and  Intestinal,"  published  by  Lea  and 
Febiger,  1916. 
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of  different  animals  containing  enzymes  in  varying  states  of  activity,  and 
second,  the  changes  induced  by  different  types  of  bacteria  in  various  foods 
ordinarily  sterile.  It  is  frankly  admitted  that  there  are  inherent  fallacies 
in  generalizations  drawn  from  experiments  of  this  kind  which  must  be 
considered  and  evaluated  before  their  relation  to  the  living  organism  is 
computed.  Nevertheless  certain  outstanding  features  of  the  general  prob- 
lem appear  to  be  so  well  substantiated  that  they  can  be  regarded  tenta- 
tively as  fixed  points  around  which  concomitant  complex  and  individual 
details  may  be  ultimately  grouped. 

A  dynamic  acquaintance  with  the  underlying  principles  governing 
microbic  activity  in  the  gastro-intestinal  tract  and  of  the  relation  of  this 
activity  to  the  economy  of  the  host,  can  hardly  be  realized  from  a  purely 
botanical  consideration  of  the  various  species  of  microorganisms  that 
may  be  detected  in  the  alimentary  contents.  If,  on  the  contrary,  intes- 
tinal microbes  be  regarded,  as  indeed  they  are,  as  "living  chemical  re- 
agents," an  important  avenue  of  approach  to  the  problem  is  opened,  be- 
cause these  bacteria  in  the  last  analysis  are  digestive  systems  working 
within  a  digestive  system.  In  other  words,  bacteria  are  important  from 
the  viewpoint  of  "what  they  do  rather  than  what  they  are.''  What  bac- 
teria are,  is  a  problem  in  protistology;  what  bacteria  do,  is  clearly  a  rec- 
ord of  those  activities  which  collectively  comprise  their  metabolism. 

Certain  fundamental  characteristics  are  discernible  in  the  metabolism 
of  host  and  microbe  alike; — digestion,  through  which  potential  food 
is  prepared  for  assimilation;  the  ultimate  intracellular  utilization  of 
foods  thus  prepared;  and  assimilation  for  the  growth  and  repair  of  the 
tissues  and  for  conversion  into  energy  to  maintain  the  activities  of  the 
organism.  Bacteria  within  the  alimentary  canal  of  a  host  perform  their 
entire  metabolic  activities  there,  whereas  only  the  digestive  phase  of  the 
metabolism  of  the  host  takes  place  within  this  restricted  field ;  the  intra- 
corporeal  utilization  of  assimilated  digestion  products  by  the  host  is  nor- 
mally beyond  the  range  of  microbic  activity,  although  the  latter  may  at 
times  exert  a  distinct  influence  upon  the  process. 

Relation  of  Bacterial  Activity  to  Food  Metabolism. — ^In  general,  there- 
fore, bacterial  activity  in  the  intestinal  tract  (which  may  be  more  cor- 
rectly termed  "bacterial  development"  and  "bacterial  metabolism")  takes 
place  at  the  expense  of  food  in  the  process  of  digestion  by  the  host.  If 
the  products  of  bacterial  growth  within  the  gastro-intestinal  tract  are  in- 
nocuous for  the  host,  a  slight  diminution  in  the  total  food  ingested  results ; 
if  the  products  of  this  microbic  activity,  as,  for  example,  lactic  acid,  are 
utilizable  by  the  host  after  assimilation  from  the  alimentary  canal,  the 
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loss  to  the  host  is  mininml.  In  the  latter  case  the  loss  is  limited  prac- 
tically to  the  actual  elements  which  enter  into  the  suhstance  of  the  bac- 
terial bodies  and  waste  therefrom.^  This  nWirht  loss  is  more  tlian  com- 
pensated for  probably  thr()ii«»;h  the  formation  of  lactic  acid  within  the 
alimentary  canal  by  normal  intestinal  bacteria.  The  presence  of  lactic 
acid  would  create  conditions  which  would  be  more  or  less  inimical  to  the 
development  of  extraneous  microbes  whose  activities  might  be  in  opposi- 
tion to  the  well-being  of  the  host.  The  development  of  adventitious  types 
of  bacteria  within  the  alimentary  canal  may  affect  the  host  adversely,  not 
so  nuich  by  a  reduction  of  food  leading  to  partial  starvation,  as  by  the 
foruuition  of  products  of  metabolism  which  even  in  small  amounts  may 
immediately  or  mediately  create  conditions  leading  to  the  arrest  of  the 
normal  digestive  processes  because  of  greatly  increased  peristalsis,  or  to 
the  rapid  or  slow  poisoning  of  the  host. 

It  is  important  to  realize  that  the  products  of  metabolism  even  of  the 
same  organism  are,  or  may  be,  greatly  influenced  by  the  nature  of  the  diet 
of  the  host.  The  diet  of  the  host,  of  course,  contributes  largely  to  the 
normal  nutritional  environment  of  intestinal  organisms  in  the  last  analy- 
sis. In  referring  thus  to  the  diet  of  the  host,  it  is  tacitly  understood  that 
differences  in  the  rate  of  digestion  and  assimilation  of  the  various  com- 
ponents of  the  diet,  the  integrity  of  various  gastro-intestinal  enzymes  and 
the  proper  progressive  movement  of  food  through  the  alimentary  canal, 
are  ancillary  factors  which  collectively  influence  the  nutritional  environ- 
ment of  intestinal  microbes. 

The  normal  digestive  processes  in  the  alimentary  canal  as  the  food 
proceeds  from  the  mouth  to  the  anus  result  in  a  progressive  simplification 
of  those  complex  organic  compounds,  proteins,  carbohydrates  and  fats 
which  comprise  the  food  of  the  host  to  simpler  compounds  through  hydro- 
lytic  cleavages  initiated  by  the  various  proteolytic,  amylol^i;ic  and  lipo- 
lytic enzymes  of  the  gastro-intestinal  tract.  It  may  be  confidently  antici- 
pated, therefore,  that  the  normal  resident  bacterial  population  at  a  given 
level  will  consist  largely  of  organisms  which  can  utilize  the  average  pabu- 
lum at  a  particular  site  more  advantageously  than  their  fellows,  as  well 
as  bacteria  which  have  been  transported  mechanically  in  the  intestinal 
contents  from  higher  levels.  Experience  has  shown  that  the  lower  levels 
of  the  intestinal  tract,  at  least  to  the  transverse  colon,  exhibit  a  greater 
density  of  bacterial  types  than  higher  levels.     This  is  partly  due  to  a 


lit  has  been  conservatively  estimated  that  a  normal  healthy  Adult  on  a  normal 
diet  eliminates  daily  about  thirty-nine  trillion  bacteria  in  the  feces.  About  0.5  gram 
nitrogen  is  contained  in  the  dried  bodies  of  these  bacteria. 
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greater  intensity  of  microbic  development  at  lower  levels,  and  to  the  ac- 
quisition of  organisms  which  are  mechanically  transported  from  higher 
levels.  The  fecal  mass  resting  in  the  rectum,  therefore,  contains  repre- 
sentatives of  the  entire  intestinal  fecal  flora;  a  great  majority  of  these 
are  either  dead  or  of  low  viability.  This  rather  general  reduction  in 
viability  is  due  to  the  relative  desiccation  of  the  feces,  the  accumulation 
of  waste  products  and  the  generally  unfavorable  character  of  the  medium. 
It  is  worthy  of  note  that  the  bacterial  flora  at  a  given  level  may  be 
urihomogeneous ;  experience  has  shown  that  the  bacteria  of  the  alimentary 
canal,  which  are  in  contact  with  the  intestinal  wall,  may  differ  rather 
markedly  in  type  from  the  flora  in  the  center  of  the  intestinal  contents  at 
the  same  level.  It  is  not  improbable  that  mechanical  protection  afforded 
by  the  depths  of  the  folds  of  the  walls  of  the  intestinal  canal  from  the 
general  progressive  downward  movement  of  the  mass  in  the  alimentary 
canal,  permits  of  a  relative  stagnation  in  this  area.  A  careful  study  of 
this  highly  important  phenomenon  is  yet  to  be  made. 


THE  NATURE  OF  BACTERIAL  METABOLISM 

Phases  of  Bacterial  Activity — Two  quite  distinct  phases  may  be  de- 
tected in  the  life  history  of  a  bacterial  cell;  an  anabolic  or  constructive 
phase  (protoplastic)  which  comprises  the  phenomena  of  growth  and  main- 
tenance of  structure  (including  the  replacement  of  losses  incidental  to 
the  formation  and  excretion  of  soluble  enzymes,  the  production  of  cap- 
sules, etc.)  and  a  cataholic  or  vegetative  phase  (protoclastic)  during 
which  the  mature  organism  reacts  chemically  with  its  nutritive  environ- 
ment in  such  a  manner  as  to  provide  the  energy  necessary  for  the  per- 
formance of  its  various  normal  functions.  Chronologically,  the  anabolic 
phase,  as  a  whole,  precedes  the  cataholic  phase,  although  the  two  may 
appear  to  overlap  somewhat.  The  prominent  features  of  the  metabolism 
of  bacteria  may  be  summarized  as  follows: 

1.  The  structural  phase  or  anabolic  phase  is  essentially  the  phenomena 
associated  with  the  preparation,  assimilation  and  intracellular  transfor- 
mation of  organic  substances,  among  which  amino-acids  in  various  de- 
grees of  complex  combinations  are  prominent,  into  the  cytoplasm  of  the 
cell,  its  appendages,  secretions  and  enzymes. 

2.  The  energy  phase  or  cataholic  phase  which  comprises  the  prepara- 
tion, assimilation  and  internal  transformation  of  organic  substances  to 
furnish  the  forces  requisite  to  maintain  the  vegetative  activities  of  the 
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mature  cell;  the  latter  substances,  unlike  those  required  for  structure, 
need  not  be  nitrogenous. 

The  metabolism  of  the  bacterial  cell,  therefore,  consists  in  general  of 
the  preparation,  assimilation  and  internal  utilization  or  transformation 
of  nutrient  substances  for  the  construction  and  support  of  the  organism. 

PRELIMINARY  TRANSFORMATIONS.— The  nature  of  the  preliminary 
transfornuitions  which  various  types  of  nutrient  substances  undergo, 
varies  greatly  with  different  kinds  of  organisms;  some  bacteria,  as,  for 
example,  Bacillus  proteus,  the  spirillum  of  Asiatic  cholera  and  Bacillus 
pyocyaneus,  growing  in  protein  media  that  contain  no  utilizable  carbo- 
hydrates,^ secrete  soluble  (exo)  proteolytic  enzymes.  These  exo-enzymes 
effect  a  non-specific  hydrolytic  cleavage  of  the  various  proteins  or  protein 
derivatives  to  simpler  compounds  which  are  then  assimilable.  The  me- 
chanics of  secretion  of  these  soluble  proteolytic  enzymes  and  their  action 
are  in  general  analogous  to  the  secretion  of  pepsin  or  trypsin  in  the  human 
alimentary  canal.  Many  anaerobic  bacteria  (1)  secrete  exo-enzymes  which 
are  far  more  active  under  favorable  conditions  than  the  exo-enzymes  of 
aerobic  bacteria  which  have  been  studied  to  date(2).  A  sharp  distinc- 
tion must  be  drawn  between  the  non-specific  cleavage  of  protein  by  these 
exo-enzymes  and  the  substances  arising  from  the  intracellular  utilization 
of  these  products  of  cleavage  by  the  bacterial  cell  after  they  are  assimi- 
lated. Deaminization  is  a  feature  of  the  latter  phase,  but  it  is  no  more 
associated  with  the  former  than  it  is  with  the  action  of  pepsin  or  trypsin 
in  the  alimentary  canal  of  man.  The  non-specificity  of  the  simpler  prod- 
ucts of  hydrolytic  cleavage  of  various  proteins  by  the  exoproteolytic  bac- 
terial enzymes  is  in  striking  contrast  to  the  specificity  of  products  result- 
ing from  the  intracellular  digestion  of  these  products  of  hydrolysis;  the 
former  (before  assimilation  by  the  microbe)  are  analogous  to  those 
formed  by  enzyme  action  within  the  intestinal  tract  of  man,  the  latter 
(transformed  intracellularly  by  the  microbe)  are  specific  for  the  organ- 
ism, and  they  may  be  innocuous  to  the  host,  harmful  or  even  acutely  toxic. 
The  extent  to  which  soluble,  bacterial  proteolytic  enzymes  may  be  a  factor 
in  the  economy  of  the  alimentary  tract  of  man  is  as  yet  unanswered.  In 
addition  to  these  soluble,  non-specific,  proteolytic  enzymes,  certain  types 
of  bacteria  secrete  soluble  carbohydrolytic  enzymes,  which  effect  a  cleav-. 
age  of  polysaccharids  or  in  some  instances  even  bioses  to  simpler  com- 


iThe  effect  of  utilizable  carbohydrate  in  suppressing  the  formation  of  these  exo- 
proteolytic enzymes,  at  least  in  an  active  state,  is  worthy  of  note.  Space  does  not 
permit  of  a  discussion  here. 
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poun(ls(3),  and  soluble  lipolytic  enzymes  and  esterases(4).  The  latter 
split  fats  or  esters  into  their  component  parts. 

FINAL  TRANSFORMATIONS.— The  final  transformations  which  nutri- 
ent substances  undergo  within  the  body  of  the  bacterial  cell  (after  pre- 
liminary extracellular  hydrolytic  cleavage  and  assimilation)  bear  the 
same  general  relation  to  the  life  of  the  microbe  that  the  utilization  of 
nutrient  substances  which  pass  from  the  intestinal  tract  to  the  tissues 
bears  to  the  life  of  man. 

Specificity  of  Microbe  Action. — This  brief  discussion  of  the  more  gen- 
eral phenomena  of  bacterial  nutrition  is  an  essential  introduction  to  the 
real  problem  of  the  formation  and  elimination  of  the  waste  products  aris- 
ing from  bacterial  metabolism.  In  the  final  analysis  it  is  the  waste  from 
this  internal  utilization  of  proteins,  fats,  carbohydrates,  or  their  deriva- 
tives, that  is  important  in  evaluating  the  function  of  the  specific  microbe 
in  nature,  since  specificity  of  action  upon  the  environment  determines  the 
dynamic  individuality  of  unicellular  organisms.  The  specificity  of  mi- 
crobic  action  furthermore  is  associated  with  the  catabolic  rather  than  the 
anabolic  phase  of  metabolism,  as  the  following  considerations  will  indicate. 

The  weight  of  a  single  bacterial  cell  is  very  little  indeed ;  an  ordinary 
bacillus,  as,  for  example,  B.  coli,  weighs  about  0.000,000,0016  milligrams. 
It  follows  that  the  actual  amount  of  material  required  to  build  such  a 
complete  cell,  even  with  a  liberal  allowance  for  waste,  is  extremely  small. 
In  spite  of  the  minuteness  of  bacterial  cells,  however,  many  kinds  effect 
a  rapid  and  material  transformation  of  their  nutritive  environment.  This 
disproportion  between  the  chemical  activity  of  the  organism  and  its  size 
is  partly  attributable  to  the  relatively  large  surface  area  of  the  cell  in  pro- 
portion to  its  volume.  In  general,  a  parallelism  -exists  between  the  sur- 
face area  and  energy  requirements  rather  than  between  the  volume  and 
energy  requirements  in  living  things;  such  a  parallelism  would  afford  a 
possible  explanation  of  this  phenomenon  in  bacteria.  Thus  a  million 
spherical  organisms,  each  one  micron  in  diameter  (assuming  the  specific 
gravity  to  be  1.030,  which  is  very  nearly  correct),  would  weigh  about 
0.00054  milligrams,  while  their  combined  surface  area  would  be  approxi- 
mately 3.1410  square  millimetres.  The  ratio  of  energy  to  weight  is, 
therefore,  very  large  indeed.  Such  reasoning  must  not  be  regarded  as 
more  than  suggestive,  however,  because  bacteria  of  approximately  equal 
size  vary  greatly  in  the  nature  and  extent  of  their  energy  transforma- 
tions. Thus  Bacillus  typhosus  and  Bacillus  proteus  are  about  equal  in 
volume  and  surface  area,  but  the  latter  exceeds  the  former  many  times 
in  the  extent  of  its  chemical  activity.     Generally  speaking,  pathogenic 
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bacteria  are  decidedly  less  active  chemically  than  saprophytic  organisms. 
From  a  chemical  standpoint,  the  strnctural  phase  of  bacterial  growth 
and  activity  appears  to  be  largely  a  series  of  syntheses.  Relatively  sim- 
ple derivatives  of  proteins,  carbohydrates  (and  probably  fats)  are  trans- 
formed through  reactions,  in  which  condensations  and  reductions  are 
prominent,  into  those  complex  proteins,  fats  and  carbohydrates  (together 
with  salts)  which  collectively  comprise  the  mature  bacterial  cell.  Many 
of  these  syntheses  are  probably  hydrogenic  in  character,  that  is,  two  or 
more  simpler  molecules  unite  to  form  one  of  greater  complexity,  with  a 
coincident  elimination  of  hydrogen  and  oxygen  in  the  proportions  to  form 
water.     Thus : 

H,0 


CeHiiOe  +    CeHijOa     =    CijHmOu 

Dextrose       Galactose      Lactose 


Schematic  synthesis  of  polysaccharids 


NH2CH2COOH-HHNHCHjCOOH=NH2CH,CONHCHjCOOH(+H,0)l^^^^"?**!^ 


GlycocoU 


Glycylglycin 


(synthesis  of 
protein 


HOOC.CH, 

I 
HOOC.CH, 

I 


CHjOOCCH, 

I 
CHOOCCH, 

I 


o  u  r\   f  Schematic  synthe 
^^'^  \     of  fat 


GlycocoU 

CH2OH 
I 
CHOH 

I 
CH2OH  J         [  HOOC.CH,  J  [  CHjOOCCH, 

Glycerin  Acetic  acid  ^  Tri-acetin 

NECESSITY  OF  NITROGENOUS  D1F:T.— Again,  bacteria  like  all  living 
things  are  nitrogenous  bodies,  hence  they  need  nitrogen-containing  sub- 
stances in  their  dietary.  In  other  words,  bacteria  cannot  thrive  in  a  ncn- 
nitrogenous  environment,  but  the  form  in  which  nitrogen  must  be  united 
with  other  elements  to  be  utilizable  for  structural  purposes  varies  with 
the  kind  of  organism  under  consideration.  It  is  worthy  of  note  that  the 
state  of  aggregation  of  nitrogenous  compounds  in  the  alimentary  canal  of 
man  varies  from  great  complexity  in  the  proteins  as  taken  into  the  mouth 
to  relative  simplicity  as  intestinal  digestion  proceeds.  It  is  not  difficult 
to  conceive  of  a  succession  of  intestinal  organisms  from  above  dowTiwards 
whose  nitrogenous  requirements  are  correspondingly  graded. 

PREPARATION  AND  UTILIZATION  OF  ENERGY.— The  energv  or  vegeta- 
tive phase  of  bacterial  activity,  like  the  energy  phase  of  other  living 
things,  is  largely  a  series  of  oxidizations  of  carbon  and  hydrogen.  Nitro- 
gen plays  but  little  part  in  the  process,  because  the  oxidization  of  this  ele- 
ment appears  to  yield  little  or  no  energy  to  a  great  majority  of  bacteria. 
When  proteins  or  protein  derivatives  are  utilized  for  energy  by  ordinary 
bacteria,  therefore,  the  elimination  of  nitrogen  as  ammonia  (deaminiza- 
tion)  is  usually  a  concomitant  phenomenon  to  the  partial  or  complete 
oxidization  of  the  carbon  and  the  hydrogen  moieties  of  the  protein  or 
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protein  derivatives  for  energy  requirements.^  It  is  not  surprising  to  find 
that  certain  carbohydrates,  which  contain  no  nitrogen  and  in  which  the 
carbon  is  already  in  a  state  of  partial  oxidization,  are  more  readily  util- 
ized for  energy  than  protein  derivatives.  In  the  latter,  the  carbon  is  in 
combination  with  hydrogen  alone,  except  for  the  carboxyl  group.  Fur- 
thermore, utilization  of  amino-acids  for  fuel  appears  to  presuppose  the 
elimination  of  the  amino-nitrogen  as  ammonia,  in  order  that  the  reactions 
yielding  energy  may  go  on.  This  sparing  action  of  carbohydrate  for  pro- 
tein, in  relation  to  the  production  of  energy,  is  well  known  in  the  economy 
of  the  human  body,  as  well  as  in  bacteria,  as  is  evidenced  by  the  well- 
known  expression  that  "carbohydrate  spares  body  protein." 

Utilization  of  Peotein  Derivatives. — A  series  of  reactions  indica- 
tive of  some  of  the  more  important  changes  in  protein  derivatives  inci- 
dental to  their  preparation  and  utilization  for  energy,  appears  to  be 
fairly  definitely  established,  and  inasmuch  as  they  illustrate  the  probable 
mode  of  formation  of  products  of  importance  in  the  gastro-intestinal 
tract,  they  are  appended : 

1.  RCH2CHNH2C00H+H2  =  RCH2CH2C00H  =  NH3— Reductive  deamini- 
zation  of  an  amino-acid  to  a  fatty  acid  with  the  same  number  of  carbon  atoms. 

2.  RCH.CHNH^COOH  +  H.O  =  RCH^CHOHCOOH  +  NH3— Hydrolytic 
deaminization  of  amino-acid  to  an  oxyacid  with  the  same  number  of  carbon  atoms. 
(Illustrates  the  possible  formation  of  lactic  acid  from  protein.) 

3.  RCH,CHNH2C00H  +  0  =  RCH2C0C00H  +  NH3— Oxidative  deaminiza- 
tion of  amino-acid  to  a  Keto  acid  with  the  same  number  of  carbon  atoms. 

4.  RCH.CHNH^COOH— >RCH2CHNH2  -f  CO^— Carboxylic  decomposition  of 
amino-acid  to  primary  amin  with  one  less  carbon  atom. 

The  formation  of  beta-iminazolylethylamin  from  histidin,  of  cadaverin  from 
lysin,  and  of  putrescin  from  ornithin  are  excellent  instances  of  this  carbox3dic 
decomposition  resulting  in  the  formation  of  a  primary  amin. 

5.  RCH2CH,COOH->RCH2CH3  +  CO^— Carboxylic  decomposition  of  fatty 
acid — (Compare  Reaction  No.  1)  to  a  compound  with  one  less  carbon  atom. 

6.  RCH3CH2COOH  -f  30  =  RCH^COOH  +  CO^  +  H,0— Carboxylic  decom- 
.  position  of  fatty  acid  to  a  fatty  acid  containing  one  less  carbon  atom. 

Illustrations — Formation  of  indol  from  tryptophan. — Indol  is  a  sub- 
stance found  in  the  human  intestinal  tract  in  varying  amounts ;  it  is  pro- 

1  A  precisely  analogous  deaminization  takes  place  in  the  animal  body  when  a  pre- 
dominatingly protein  diet  is  administered.  The  increase  in  the  output  of  urea  in 
this  case  has  its  origin  largely  in  intracorporeal  deaminization,  the  ammonia  resulting 
therefrom  being  transformed  to  urea  prior  to  its  elimination.  The  ammonia  which 
results  from  the  deaminization  of  protein  derivatives  within  the  bacteria  cell  (and 
which  is  excreted  as  such,  since  bacteria,  so  far  as  is  known,  are  unprovided  with  livers) 
is  justly  to  be  regarded  as  "bacterial  urea." 
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duced  from  the  mother  substance,  tryptophan  (an  amino-acid  found  in 
proteins),  by  the  action  of  Bacillus  coli,  Bacillus  proteus  and  certain 
other  intestinal  microbes.  The  exact  process  is  not  known,  but  the  steps 
indicated  may  be  regarded  as  possible : 


^« 


CHo  CHNH,  COOH         rr—l  CH2  CH2  COOH 


CC 


+  H.-  NH  -t-NH, 

(Reaction  I)        ,    ,  ,  „       ,     ,     a   ,a 
Tryptophan  Indol  Propionic  Acid 


Q-^CH3     CH.    COOH        ^^_       Q-^ 


CH2    COOH 

+  CO2  +  H2O 
NH  (lUacUone)  NH 

Indol  Acetic  Acid 


r'^^yn  CH2  COOH  ^       1^"^ 

^nA^_  (Reaction  5)  ^-A/. 


CH 


NH  (Reactions)   ^-^Yh  "^  ^^^ 

Skatol 


NH  NH 

Indol 


+  C0o+    HoO 


Indol  is  not  utilizable  for  energy  (or  structure  probably)  by  those 
bacteria  which  are  responsible  for  its  production  from  tryptophan.  The 
energy  that  is  available  in  the  latter  compound  appears  to  be  the  alanin 
radical,  CH3  CHNHo  COOH,  which,  when  added  to  indol  in  the  beta 
position,  forms  tryptophan.  The  human  body  likewise  can  hardly  utib'ze 
indol  for  structure  or  for  energy ;  however,  when  indol  as  such  is  absorbed 
from  the  intestinal  tract,  it  is  changed  to  indoxyl  in  the  liver  and  excreted 
in  the  urine  as  a  potassium  sulphonate  derivative  known  as  indican,  thus : 


CD -Co -Co 


1-0, 

o     • 


NH  NH  NH 

Indol  Indoxyl  Indican 

Formation  of  Phenol  and  Paracresol  from  Tyrosine — Similarly  tyro- 
sin  is  acted  upon  by  Bacillus  coli  and  other  organisms,  ultimately  util- 
izing the  alanin  radical  of  the  tyrosin  molecule  for  energy,  leaving  a 
residue  of  paracresol  (or  phenol)  which  is  not  a  source  of  energy  either 
to  bacteria  or  to  the  human  body.    When  paracresol  or  phenol  is  absorbed 
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from  the  alimentary  tract,  it  is  transformed  (detoxicated)  in  the  liver 
and  excreted  as  an  ethereal  sulphate  in  the  urine.  The  hypothetical  steps 
in  the  formation  of  paracresol  and  of  phenol  follow ; 

OH  OH 

•  o      -.  -    o 

CHa     CHNHs      COOH  (Reaction  1)  CH2   CHo    COOH 


NH; 


6 


Tyroain 


Para-oxyphenylpropionic  Acid 
OH 


CHo    CHo     COOH 
OH 


O    * 


+  30  =  K^  +  CO2+H2O 

(Reaction  6)  CHo      COOH 

Para-oxyphenylacetic  Acid 


OH 
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CH2     COOH 
OH 


O^ 


CO, 


»  o 


(Reactions)  CH3 

Paracresol 
OH 


30 


CH- 


( Reaction  6 ) 
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+  CO  2      +H2O 
Phenol 


FORMATION  OF  BETA-IMINAZOLYLETHYLAMIN  FROM  HISTIDIN 
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Histidin 


Beta-iminazolylethylamin 


FORMATION  OF   CADAVERIN   FROM  LYSIN 


CH2  CH2  CH2  CH2  CH    COOH 

NH2 


->    CH2  CH2  CH2  CH2  CH2 
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NH2  NH2 


-CO. 


NH2 


Lyain  Cadaverin 

FORMATION   OF  PUTRESCIN   FROM   ORNITHIN 


CH2  CH2  CH2  CH    COOH 


NH2  NH2 

Ornithin 


»-         CH2    CH2  CH2    CH2 

(Reaction  4 )        |  -  CO2 

NH2  NH2 

Putrescin 
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Reactions  of  Bacteria  in  Media  Containing  Both  Utilizable 
Nitrogenous  Substances  (Proteins  and  Protein  Derivatives)  and 
Carbohydrates. — The  foregoing  obsen'ations  indicate  that  proteins  or 
protein  derivatives  may  be  utilized  by  bacteria  both  for  their  structural 
requirements  and  for  their  energy.  Inasmuch  as  bacteria  in  common  with 
all  living  things  are  nitrogenous  orgnnisnis,  at  least  some  nitrogenous  sub- 
stance is  necessary  for  their  structure;  the  energy,  on  the  contrary,  ap- 
pears to  be  a  phase  characterized  by  the  oxidization  of  carbon  and  hydro- 
gen. Nitrogen,  as  it  exists  in  the  amino-acids  and  protein  molecule — 
amino-nitrogen — not  only  is  not  a  source  of  energy  to  the  ordinary  types 
of  saprophytic,  parasitic  and  pathogenic  bacteria,  but  it  is  even  removed 
(deaminization)  prior  to  the  utilization  of  the  carbon  and  hydrogen  of 
this  group  of  nitrogenous  substances  by  transformation  into  energy.  In 
this  sense  deaminization  is  a  very  good  measure  of  the  rate  of  utilization 
of  proteins  and  protein  derivatives  when  they  are  oxidized  for  energy  by 
the  bacteria. 

Action  of  Carbohydrates  in  Media. — The  addition  of  utilizable  carbo- 
hydrates to  nitrogenous  media  for  bacterial  cultures  exercises  a  very  pro- 
found influence  upon  the  character  and  physiological  effects  of  the  prod- 
ucts formed.  Of  the  carbohydrates,  those  containing  six  carbon  atoms 
are  most  commonly  adaptable  to  bacterial  needs ;  bioses  and  polysaccharids 
appear  to  be  commonly  hydrolyzed  to  hexoses  prior  to  assimilation. 

The  products  resulting  from  the  utilization  of  carbohydrates  (for 
energy)  are  quite  commonly  acids,  particularly  lactic  and  to  a  lesser  de- 
gree acetic  and  formic  acids.  Those  bacteria  which  produce  gas  during 
the  fermentation  of  carbohydrates  are  said  to  decompose  formic  acid, 
through  the  activity  of  a  special  enzyme,  formiase,  to  carbon  dioxid  and 
hydrogen.  According  to  this  hypothesis,  the  typhoid  bacillus,  which  does 
not  produce  appreciable  amounts  of  gas  from  the  simple  sugars,  does  not 
produce  this  enzyme;  the  paratyphoid  bacillus  and  Bacillus  coli,  on  the 
contrary,  do  produce  formiase. 

Space  does  not  permit  of  an  intimate  discussion  of  the  great  difference 
in  the  nature  and  extent  of  the  products  resulting  from  the  utilization 
of  carbohydrates  and  proteins  respectively  for  the  energy  requirements 
of  bacteria.  A  few  typical  illustrations,  however,  will  indicate  the  para- 
mount importance  of  the  subject  in  a  discussion  of  the  effects  of  microbic 
growth  and  development  in  the  gastro-intestinal  tract. 

Certain  bacteria,  as  Bacillus  proteus,  the  spirillum  of  Asiatic  cholera. 
Bacillus  mesentericus  and  many  anaerobes,  produce  soluble  proteolytic 
enzymes  which  are  extracellular  and  liquefy  or  peptonize  a  variety  of 
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proteins.  These  exo-enzymes  are  produced  in  an  active  state  only  in 
media  free  from  utilizable  carbohydrates (2).  Bacillus  diphtherise  and 
Bacillus  tetani  produce  extremely  potent  toxins  when  grown  in  appropri- 
ate protein  media  free  from  carbohydrates.  Bacillus  coli,  Bacillus  pro- 
teus,  the  spirillum  of  Asiatic  cholera  and  other  organisms  form  indol  in 
protein  media  (provided,  of  course,  tryptophan  either  alone  or  in  com- 
bination is  present)  ;  no  indol  is  formed  by  them  in  similar  media  con- 
taining utilizable  carbohydrates.  Even  the  composition  of  the  bacterial 
cell  itself  is  materially  influenced  by  the  presence  or  absence  of  utilizable 
carbohydrates;  in  media  containing  the  latter,  in  addition  to  protein  de- 
rivatives, nearly  twenty  per  cent  less  of  nitrogen  occurs  in  the  organisms 
than  is  the  case  when  they  are  grown  in  carbohydrate-free  media  which  is 
of  the  same  composition  and  reaction  otherwise.  The  part  played  by 
fats  and  by  lipoidal  substances  in  general  in  bacterial  metabolism  is  not 
well  understood  at  the  present  time. 

To  summarize, — soluble  proteolytic  enzymes,  soluble  toxins,  putrefac- 
tive products  such  as  indol  and  other  conspicuous  and  distinctive  evidences 
of  the  decomposition  of  proteins  or  protein  derivatives,  characteristic  of 
various  specific  bacteria  grown  in  carbohydrate-free  media,  are  not  pro- 
duced when  the  same  organisms  are  grown  in  the  same  nitrogenous  media 
to  which  are  added  utilizable  carbohydrates.  The  carbohydrate,  in  other 
words,  protects  the  protein  constituents  of  the  media  from  bacterial  break- 
down in  a  manner  analogous  to  that  in  the  animal  body  where  "carbo- 
hydrate spares  body  protein."  The  products  arising  from  the  utilization 
of  carbohydrate  (for  energy)  are  chiefly  organic  acids  irrespective  of  the 
organism  under  consideration.^  Thus  Bacillus  diphtherise.  Bacillus  coli, 
the  spirillum  of  Asiatic  cholera.  Bacillus  typhosus  and  many  other  bac- 
teria form  qualitatively  about  the  same  kind  of  acid  products  from  the 
fermentation  of  utilizable  carbohydrates  that  the  Bulgarian  bacillus  and 
other  so-called  sour  milk  bacilli  produce  in  corresponding  media.  This  is 
true,  of  course,  only  as  long  as  carbohydrate  in  utilizable  form  is  continu- 
ally available;  if  the  supply  of  carbohydrate  fails,  the  bacteria  at  once 
turn  of  necessity  to  protein  or  protein  derivatives  for  their  energy  and 
again  form  their  characteristic  products,  as  toxin,  indol,  etc. 

Summary. — The  important  generalization  which  develops  from  a  con- 
sideration of  these  facts  may  be  stated  thus :  a  large  group  of  bacteria, 
comprising  a  great  majority  of  well-known  saprophytic,  parasitic  and 
pathogenic  forms,  can  utilize  carbohydrate  for  their  energy  requirements 

1  Exception  is  made  of  bacteria,  as  B.  alcaligenes,  which  do  not  appear  to  utilize 
carbohydrates.    The  group  of  obligately  carnivorous  bacteria,  however,  is  quite  limited. 
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and  of  necessity  require  protein  or  protein  derivatives  for  their  structural 
needs;  these  bacteria  produce  varying  amounts  of  relatively  simple  acid 
substances  such  as  lactic,  formic,  acetic  and  butj'ric  acid  as  conspicuous 
but  not  distinctive  products  when  they  are  grown  in  nitrogenous  media 
containing  utilizable  carbohydrate.  The  same  organisms,  grown  in  the 
same  nitrogenous  media  in  the  absence  of  utilizable  carbohydrate,  produce 
the  various  nitrogenous  substances  indicated  above,  which  are  the  con- 
spicuous and  specific  products  of  their  metabolism.  In  other  words,  many 
pathogenic  and  saprophytic  bacteria  produce  substances  which  are  poten- 
tially akin  to  buttermilk  from  the  fermentation  of  utilizable  carbo- 
hydrates; the  decomposition  of  proteins  in  the  absence  of  utilizable  carlxh 
hydrates,  on  the  contrary,  leads  to  the  formation  of  the  specific  and 
frequently  injurious  substances  as  indol,  toxins,  etc.,  which  largely  deter- 
mine the  specificity  of  the  action  of  these  bacteria  in  a  practical  way. 

This  striking  relation  of  the  products  of  bacterial  metabolism  to  the 
nutritive  environment  is  significant  in  any  discussion  of  the  products  aris- 
ing from  the  growth  of  bacteria  in  the  gastro-intestinal  tract.  Indeed,  an 
interpretation  of  the  effects  upon  the  host  of  normal  and  abnormal  bac- 
terial development  within  his  alimentary  canal  depends,  in  the  last  analy- 
sis, largely  upon  an  intimate  knowledge  of  this  phenomenon. 

GASTRO-INTESTINAL    BACTERIOLOGY    OF    NORMAL    INFANTS, 
ADOLESCENTS    AND    ADULTS 

A  discussion  of  gastro-intestinal  bacteriology  must  be  prefaced  by  a 
consideration  of  those  factors  which  play  a  prominent  part  in  evaluating 
the  results  sought  for. 

It  is  self-evident  that  at  one  time  or  another  an  indefinite  variety  of 
microbes  must  reach  the  alimentary  canal,  since  our  food  and  all  else  that 
enters  the  mouth  may  carry  organisms  from  many  sources.  Among  these 
heterogeneous  microbes  will  be  a  variable  number  that  run  the  gauntlet  of 
oral  and  gastric  digestion  and  reach  the  intestines  in  a  viable  state.  Here 
they  enter  into  competition  with  the  normal  intestinal  types.  Generally 
speaking,  the  result  of  this  competition  will  be  either  the  gradual  or  rapid 
elimination  of  the  intruder,  or  its  establishment  at  some  level  where  its 
adaptability  to  intestinal  conditions  transiently  or  permanently  ap- 
proaches or  exceeds  that  of  previously  established  organisms.  Repeated 
invasion  may  succeed  even  if  a  single  invasion  does  not  result  in  coloniza- 
tion ;  seasonal  distribution  of  microbes  in  foods  or  water  may  lead  to  sea- 
sonal variations  in  the  intestinal  flora. 
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It  is  important  to  realize  that  a  sample  of  intestinal  contents  planted 
on  artificial  media  may  and  very  often  does  fail  to  furnish  descendants 
of  the  viable  types  in  numbers  proportionate  to  those  present  in  the  sample 
as  it  originally  existed;  many  adventitious  types  accidentally  present  in 
the  intestinal  contents  (which  are  not,  strictly  speaking,  normal  inhab- 
itants of  the  alimentary  canal)  grow  under  such  artificial  conditions  with 
a  rapidity  which  completely  overwhelms  the  normal  forms. 

GASTRO-INTESTINAL  BACTERIA  IN   INFANTS 

This  disproportion  between  the  growth  of  normal  and  adventitious 
bacteria  in  artificial  cultivations  of  material  taken  from  the  intestinal 
tracts  of  infants  is  momentous.  Failure  to  recognize  the  change  in  intes- 
tinal environment  which  is  produced  by  artificial  media  has  led  many  ob- 
servers into  the  serious  error  of  emphasizing  the  variety  of  intestinal 
microbes  in  the  normal  infant,  whereas,  in  reality,  the  relative  homogene- 
ity of  the  normal  infantile  flora  is  both  chemically  and  morphologically 
the  significant  circumstance.  The  importance  of  this  relative  homogene- 
ity in  the  chemical  and  morphological  study  of  the  intestinal  flora  of  the 
normal  nursling  possesses  more  than  scholastic  importance;  the  direct 
relationship  between  diet  and  flora  is  particularly  well  exemplified  at  this 
stage  of  the  development  of  the  individual.  Escherich(5)  recognized  the 
limitations  of  cultural  methods  in  studying  intestinal  bacteriology  and 
clearly  pointed  out  the  pitfalls  three  decades  ago.  Bessau(6)  and  espe- 
cially those  who  have  attempted  to  amplify  his  rather  extensive  compila- 
tion of  bacterial  "species"  of  gastro-intestinal  origin  have  very  naturally 
missed  the  main  issue  by  following  a  mass  of  unrelated  and  uncoordinated 
details.  A  sweeping  assertion  of  this  kind  requires  proof.  Fortunately 
impressive  evidence  in  favor  of  this  view  is  readily  obtained.  The  fecal 
flora  of  a  normal  nursling,  as  Escherich  pointed  out  long  ago,  is  composed 
of  rather  long,  slender,  Gram-positive  bacilli,  together  with  much  smaller 
numbers  of  Gram-negative  rods,  and  cocci,  when  viewed  under  the  micro- 
scope.^ It  is  obvious  that  such  an  examination,  properly  made,  will  be  a 
definite  graphic  image  of  a  small  proportion  of  the  fecal  flora.  Artificial 
cultivation  from  the  very  same  specimen  will  result  in  almost  exclusive 
growths  of  Gram-negative  rods  and  cocci ;  the  Gram-positive  forms  do  not 
appear  at  all,  or  at  best  in  isolated  instances.    Fortunately  the  use  of  very 


1  A  flimilar  examination  of  a  "hanging  drop"  preparation  of  the  actual  living  intes- 
tinal bacteria  presents  a  precisely  similar  picture  aside  from  the  tinctorial  differentia- 
tion  which  the  stained  specimen  exhibits. 
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specialized  methods  permits  of  the  cultivation  of  the  Gram-positive  rods 
iu  approximately  their  proper  numerical  relation  to  the  Gram-negative 
rods  and  cocci,  as  shown  hy  the  stained  specimens,  thus  indicating  that 
observations  based  upon  the  ordinary  methods  of  cultivation  cannot  be 
regarded  as  reliable  in  a  discussion  of  the  intestinal  bacteria  in  a  broad 
way. 

The  gastro-intestinal  tract  of  the  newly  bom  infant  is  sterile,  but  ad- 
ventitious bacteria  appear  after  a  few  hours.  These  come  largely  through 
the  mouth,  although  some  may  conceivably  enter  through  the  anus  from 
the  bath  water.  This  initial  flora  of  varied  composition  soon  gives  way 
to  a  fairly  definite  and  lasting  one  which  is  characterized  morphologically 
by  a  dominance  of  rather  long,  thin.  Gram-positive  rods  together  with  a 
smaller  number  of  Gram-negative  rods  and  cocci ;  small  but  variable  num- 
bers of  short,  thick  Gram-positive  bacilli,  some  of  which  contain  central 
or  polar  spores ;  and  relatively  thin  Gram-negative  rods  of  medium  length. 
Chemically  these  organisms  growing  in  a  medium  closely  duplicating  that 
of  the  normal  intestinal  contents  exhibit  a  rather  remarkable  monotony 
of  products  formed ;  these  products,  so  far  as  available  evidence  collected 
from  appropriate  experiments  shows,  are  largely  acid  in  character. 
Prominent  among  these  acid  products  are  lactic  and  acetic  acids,  together 
with  smaller  amounts  of  other  lower  products  and  derivatives  of  the  fatty 
acid  series.  Broadly  speaking,  there  is  a  somewhat  remarkable  parallel- 
ism between  the  monotonous  diet  of  the  nursling  (breast  milk,  which  is 
practically  sterile  at  the  time  of  administration) ;  the  monotonous  flora 
evidenced  by  appropriate,  direct  microscopical  examination  and  cultural 
methods ;  and  the  monotony  of  substances  formed  by  the  flora,  chiefly  acid 
in  nature  and  closely  related  in  their  general  properties. 

BACTERIOLOGY  IN  ADOLESCENTS  AND  ADULTS.— As  the  nursling  grows, 
the  necessity  of  adding  to  the  normal  sterile  diet  of  breast  milk  becomes 
urgent,  and  experience  shows  that  this  transitional  period  is  frequently 
characterized  by  nutritional  disturbances.  During  this  interval,  there  is  a 
change  in  the  nature  and  composition  of  the  food ;  this  change  is  essentially 
an  increase  in  the  protein  constituents,  and  a  relative  diminution  in  the 
proportion  of  carbohydrate  and  fat.  In  addition,  the  ingestion  of  various 
kinds  of  miroorganisms  becomes  a  factor,  inasmuch  as  the  new  regimen 
is  rarely  sterile.  This  change  in  diet  is  closely  followed  by  pronounced 
changes  in  the  prominent  types  of  bacteria  of  the  intestinal  flora — a  de- 
cided increase  of  the  Gram-negative  bacteria  of  the  colon  group  at  the 
expense  of  the  Gram-positive  members  of  the  bifidus-acidophilus  group ; 
the  appearance  of  small  numbers  of  spore-forming  bacilli  of  various  types; 
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and  increased  numbers  of  spherical  organisms  and  of  bacteria  which  are 
more  proteolytic  than  those  considered  above.  This  process  of  replace- 
ment which  accompanies  a  change  in  regimen  usually  reaches  a  state  of 
comparative  stability  during  adolescence  and,  depending  somewhat  upon 
individual  dietary  habits,  persists  throughout  life.  Accompanying  this 
change  in  diet  there  is  a  concomitant  substitution  of  products  of  microbic 
activity  for  the  acid  products  indicative  of  the  carbohydrate  fermentation 
which  is  characteristic  of  the  activity  of  the  normal  nursling  flora. 

In  the  large  intestines  these  products  are  varied  in  character,  largely, 
however,  those  resulting  from  the  decomposition  of  protein  derivatives. 
The  antecedent  causes  for  this  striking  change  are:  first,  a  relative  defi- 
ciency in  the  proportion  of  carbohydrate  to  protein  in  the  diet ;  second,  a 
practically  continuous  influx  of  various  types  of  bacteria  in  the  varied 
regimen  of  the  individual.  Among  these  bacteria  are  organisms  that  are 
particularly  adaptable  to  intestinal  conditions,  as  they  prevail  under  the 
new  regimen,  as,  for  example,  Bacillus  coli.  These  organisms  are  more 
plastic  in  their  dietary  requirements,  thriving  equally  well  in  the  presence 
or  relative  absence  of  carbohydrate.  These-  types  are  in  distinct  contrast 
to  the  obligately  fermentative  organisms  so  characteristic  of  the  intestinal 
flora  of  the  normal  nursling,  where  the  diet  is  monotonously  replete  in 
carbohydrate.  It  is  worthy  of  note  that  starches  and  other  slowly  hydro- 
lyzed  carbohydrates  probably  have  a  relatively  minimal  action  in  aug- 
menting the  available  supply,  because  the  products  of  hydrolysis,  never 
great  in  amount  at  a  given  time,  are  absorbed  practically  as  fast  as 
formed.  The  duodenum,  on  the  contrary,  frequently  contains  consider- 
able amounts  of  carbohydrate,  and  in  general  putrefaction  is  relatively 
at  a  low  ebb  at  this  level.  Bacteriologically  considered,  this  striking  mi- 
crobic response  to  a  definite  change  in  regimen  is  the  most  noteworthy 
and  significant  indication  of  the  change  from  the  nursling  stage  to  that 
of  the  adolescent. 

A  brief  survey  of  the  distribution  of  microorganisms  at  various  levels 
of  the  alimentary  canal  of  the  adult  will  illustrate  at  least  the  more  gen- 
eral features  of  the  relation  of  microbic  activity  to  the  nature  of  the 
products  formed. 
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Bacteria  of  the  mouth,  so  far  as  the  normal  flora  is  concerned,  are  usu- 
ally of  little  importance  in  the  decomposition  of  food,  although  the  pro- 
duction of  dental  caries,  and  a  subsequent  disturbance  of  the  digestive 
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processes,  in  part  at  least  attributable  to  this  factor,  may  justly  be  re- 
garded as  within  the  scope  of  this  field ;  also  an  occasional  si^radic  diar- 
rhea reasonably  ascribed  to  a  discharge  of  considerable  numbers  of  strep- 
tococci or  allied  organisms  from  oral  abscesses  through  the  stomach  into 
the  intestines,  may  likewise  fall  within  the  province  of  this  subject,  al- 
though these  are  considered  more  properly  from  the  viewpoint  of 
pathology. 

The  stomach  under  normal  conditions  is  quite  free  from  micro- 
organisms. Conditions  that  lead  to  achlorhydria  may  and  frequently  do 
lead  to  lactic  acid  fermentation  within  the  stomach,  and  partial  occlusion 
of  the  pylorus  may  lead  to  stagnation  of  the  gastric  contents  and  various 
local  types  of  fermentation  or  putrefaction. 

The  upper  parts  of  the  small  intestine,  which  ordinarily  exhibit  a 
decided  fluctuation  in  the  amount  of  material,  contain  considerable  num- 
bers of  bacteria  at  the  height  of  duodenal  digestion,  and  comparatively 
few  organisms  when  the  interdigestive  period  is  reached.  The  greater 
part  of  the  bacteria  which  appear  during  the  digestive  period  are  trans- 
ported mechanically  to  lower  levels  with  the  duodenal  contents.  The 
actual  number  of  types  of  bacteria  found  in  the  duodenal  contents  may 
appear  to  be  considerable.  Many  appear  to  be  swept  into  the  duodenum 
from  the  stomach.  The  varieties  which  grow  more  luxuriantly  in  the 
duodenum,  however,  are  relatively  few  in  number.  Their  activities,  de- 
pending somewhat  upon  the  relative  amounts  of  proteins  and  carbohy- 
drates, are  expended  chiefly  upon  the  sugars  and  upon  the  intermediate 
products  of  protein  digestion,  as  the  albumoses  and  peptones.  Ordinarily 
the  products  formed  appear  to  be  comparatively  small  in  amount  and 
innocuous.  The  relatively  feeble  development  of  bacteria  at  this  level, 
and  the  somewhat  intermittent  character  of  their  growth  due  to  the  ebb 
and  flow  of  food  at  this  point,  are  in  harmony  with  this  view.  Vincent 
and  others  have  shown,  however,  that  occlusion  of  a  loop  of  intestine  at 
this  level  may  lead  to  the  production  of  substances  of  unknown  nature  and 
origin,  which  are  very  poisonous  for  the  organism  under  these  conditions. 
At  the  lower  levels  of  the  small  intestine,  where  the  passage  of  food  is 
more  nearly  continuous,  bacterial  development  and  bacterial  activity  in 
the  chemical  sense  are  decidedly  greater  than  at  the  higher  levels.  The 
products  formed  are  partly  determined  by  the  rapidity  of  passage  of  food 
to  the  level  under  consideration,  a  slow  movement  being  attended  by  in- 
creased hydrolysis  of  proteins,  fats  and  carbohydrates  and  a  differential 
rate  of  absorption  from  the  tract  in  favor  of  the  latter  substances.  When 
the  carbohydrate  moiety  is  reduced  to  nil,  the  protein  residue  is  vigorously 
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attacked  by  the  bacteria  present,  and  a  variety  of  products,  among  which 
indol,  phenolic  bodies  as  cresols  and  phenols,  HgS  and  NH3,  and  rarely 
products  like  beta-iminazolylethylamin,  which  even  in  very  small  amounts 
may  have  a  material  pressor  effect  upon  blood  pressure,  may  be  found. 
It  is  worthy  of  note  that  these  products  of  protein  putrefaction  are  not 
produced  when  the  normal  intestinal  flora  at  this  level  is  growing  in  a 
medium  containing  carbohydrate. 

Bacterial  activity  in  the  alimentary  canal  is  most  intense  in  the  cecum 
and  ascending  branch  of  the  large  intestine.  The  relatively  slow  move- 
ment of  the  feces,  the  abundance  of  unassimilated  food,  the  accumulation 
of  organisms  from  higher  levels,  and  the  relative  absence  of  products  of 
bacterial  activity  inimical  to  their  unrestrained  development,  all  tend  to 
create  conditions  favoring  luxuriant  growth  of  these  microbes.  Here 
again  the  products  formed  depend  in  considerable  measure  upon  the  rela- 
tive proportions  of  protein  derivatives,  fats  and  carbohydrates.  If  the 
former  predominate,  intense  putrefactive  changes,  resulting  in  the  forma- 
tion of  putrefaction  products  similar  to  those  mentioned  above,  take  place ; 
if  the  latter  are  present,  even  in  relatively  small  amounts,  putrefactive 
activities  are  reduced  to  a  minimum. 

The  desiccation  of  the  fecal  mass  as  it  passes  through  the  lower  levels 
of  the  large  intestine  causes  a  rather  abrupt  decrease  in  bacterial  activity ; 
the  fecal  mass  as  it  is  voided  is  estimated  to  be  made  up  of  nearly  fifty 
per  cent  of  bacteria.  Probably  over  eighty  per  cent  of  these  are  either 
dead  or  so  reduced  in  viability  that  they  fail  to  develop  in  artificial  media. 

It  would  be  difficult  indeed  to  prepare  a  detailed  statement  of  the 
effects  of  various  abnormal  conditions  in  the  intestinal  tract  upon  the 
products  of  bacterial  development  in  the  intestinal  contents.  In  general, 
diarrhea,  hastening  the  passage  of  food,  tends  to  flood  the  lower  levels  of 
the  tract  with  bacteria  from  above,  thus  causing  abnormal  extension  down- 
wards of  the  activities  of  bacteria  normally  found  in  upper  levels.  (Diar- 
rheas in  the  upper  levels  may  not  necessarily  be  accompanied  by  corre- 
spondingly rapid  peristalsis  at  lower  levels.)  This  rapidity  of  passage 
naturally  tends  to  reduce  somewhat  the  amount  of  bacterial  activity  at  a 
given  level,  but  the  reduction  is  probably  slight. 

Stasis  of  the  intestinal  contents,  particularly  above  the  ileocecal  valve, 
usually  causes  an  extension  upwards  of  bacteria  normally  found  at  lower 
levels.  This  is  probably  due  in  part  to  the  gradual  digestion  of  the  food 
by  the  intestinal  enzymes  at  higher  levels  corresponding  in  actual  hydro- 
lytic  cleavage  to  compounds  normally  found  at  lower  levels.  Those  bac- 
teria which  are  best  adapted  to  the  new  conditions  grow  by  extension  to 
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the  upper  layers  of  the  tract  where  the  dietary  environment  is  most  suited 
for  their  development.  There  is  a  decided  tendency  towards  a  differential 
loss  of  carbohvdrato  bv  assimilation  under  sucli  i'onditions,  because  carbo- 
hydrates (of  the  sugar  series  at  least)  appear  to  Ikj  more  (piickly  diffusible 
than  protein  derivatives.  Under  these  conditions  the  differential  accumu- 
lation of  protein  tends  to  increase  tlie  putrefactive  products. 

Cathartics  and  so-i*allcd  intestinal  antiseptics  do  not  appear  to  de- 
crease the  bacterial  popuhition  materially  except  as  they  promote  rapidity 
of  peristalsis  and  consequent  mechanical  voiding  of  those  organisms  thus 
removed.  The  reduction  is  usually  transient  and  may  be  followed  by  a 
greater  bacterial  proliferation. 

There  is  no  sharp  line  of  demarcation  between  a  normal  and  an  ab- 
normal bacteriological  flora  in  the  alimentary  canal.  An  overgrowth  of 
normal  flora  leading  in  general  to  abnornuil  putrefaction  or  fermentation 
may  cause  as  nmch  discomfort  or  even  danger  to  life  as  the  purely  exoge- 
nous infections.  This  phase  of  the  problem,  however,  is  beyond  the  scope 
of  the  subject  under  immediate  discussion. 
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CHAPTKK    IX 


GENERAL  CLASSIFICATION  OF  FOODS 


Necessity  of  Mtrogeiious  KcmhIs:    Nitrogen  Cycle;   Plants,  Animals,  Man, 

Bacteria. 
Definition  of  Food. 
Working    Basis    of    Classification:    Inorganic — Water,    Salts;    Organic — 

Animal  Foods,  Vegetable  Fo<><ls. 
Foodstuflfs:     Combinations;     Chief     Klements;     Accessory     Substances — 

Vitamines. 

Man  is  an  omnivorous  animal,  deriving  his  food  from  both  the  ani- 
mal and  vegetable  kingdoms.  The  elements  of  all  foods  are  derived  from 
the  inorganic  earth,  air  and  water,  and  every  quarter  of  the  globe  con- 
tributes its  portion  to  the  food  of  civilized  man. 

Nitrogenous  Foods. — The  elements  which  enter  into  the  composition  of 
the  human  body  are  precisely  the  same  as  those  which  compose  the  struc- 
ture of  the  lower  animals  and  the  various  plants  of  the  vegetable  king- 
dom. Like  all  other  animals,  human  beings  are  unable  to  assimilate  these 
elements  in  their  inorganic  condition,  and  therefore  the  principal  ele- 
ments must  be  organized  before  they  can  be  of  use  to  the  body  as  a  food. 
This  is  brought  about  through  the  animals  which  derive  their  sustenance 
from  the  vegetables  which  they  consume;  the  vegetables,  in  turn,  derive 
them  at  first  hand  from  the  earth,  air  and  water.  This  is  a  law  of  nature. 
Nitrogen  chemically  pure  cannot  be  assimilated  by  animals.  They  must 
obtain  this  important  and  indispensable  element  of  life  through  the  vege- 
table kingdom  either  directly  or  indirectly,  for  there  is  no  other  possible 
way  to  obtain  it  in  a  form  ready  for  assimilation.  We  are  therefore  at 
the  mercy  of  the  vegetable  kingdom  for  our  supply  of  nitrogen,  without 
which  life  in  any  form  is  impossible. 

The  amount  of  nitrogen  required  daily  by  an  adult  varies  according 
to  circumstances,  but  it  averages  about  20  grams.  The  mechanism  of 
the  human  economy  undergoes  unceasing  changes,  owing  to  wear  and 
repair  of  the  structures  which  consist  mainly  of  nitrogenous  elements: 
80  constantly  is  this  change  going  on  that  no  part  of  the  body  remains 
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the  same  after  six  or  seven  years.  The  materials  for  the  growth  and 
repair  of  the  tissues  are  derived  from  the  flesh-forming  principles  of  the 
food.  All  animals  obtain  their  nitrogen  from  plants,  and  the  plants  in 
turn  derive  it  from  the  soil,  partly  from  ammonia  and  its  salts  and  partly 
from  nitrites  and  nitrates,  and  a  little  from  the  air. 

The  foodstuffs  of  animals  are,  therefore,  complex  substances  built  up 
by  the  vegetable  kingdom  usually  for  its  own  use.  For  instance,  the 
cereals  are  simply  seeds  of  cultivated  grasses.  The  legumes  are  the 
seeds  of  the  cultivated  members  of  the  leguminosse.  Nuts  are  the  seeds 
of  certain  treds  and  shrubs.  Nature  in  her  wisdom  grew  these  and  other 
seeds  for  the  propagation  of  new  plants,  but  they  are  gathered  by  man  for 
food,  and  eaten  by  animals  the  world  over.  The  herbivorous  animals 
crop  and  browse  the  tender  green  herbage  of  plants,  thus  living  upon 
plant  tissues  direct.  The  carnivorous  animals,  cannibalistic  in  taste  and 
habit,  kill  other  animals  and  consume  them  for  food.  Thus  the  carniv- 
orous animals  subsist  directly  upon  animal'tissue,  and  get  their  nourish- 
ment indirectly  from  the  vegetable  kingdom. 

Definition  of  Food — A  food  is  any  substance  which  will  supply  the 
material  needs  of  the  body.  The  material  needs  must  be  supplied  by 
foods  that  are  both  constructive  and  energy-producing.  The  constructive 
need  of  the  body  calls  for  material  for  growth  and  repair,  while  the 
energy  need  must  have  fuel-producing  foods,  whose  oxidation  furnishes 
the  heat  which  maintains  body  temperature,  and  the  energy — motor, 
glandular,  or  nervous — ^peculiar  to  the  active  tissues  of  the  human 
economy. 

Purpose  of  Eating — It  has  been  tersely  said  that  we  should  "eat  to  live 
and  not  live  to  eat."  The  statement  that  far  more  people  die  from  eating 
too  much  than  too  little  is  not  far  from  the  truth,  and  yet  food  is  a  nec- 
essary requirement  of  all  organisms  for  their  development  and  growth, 
to  supply  them  with  heat  and  energy,  to  keep  them  in  a  state  of  efficiency 
and  to  make  good  the  losses  resulting  from  wear  and  tear  of  the  mechan- 
ism. The  Romans  had  a  very  appropriate  proverb  covering  this  point 
which  ran,  "Omne  quod  est  nimium,  vertitur  in  vitum" — "Everything 
in  excess  becomes  a  vice."  It  is  surprising  to  know  upon  how  little  food 
animals  and  human  beings  can  exist  and  remain  in  good  health.  In  fact, 
the  foundations  of  certain  diseases  are  laid  in  excessive  eating.  This  is 
emphasized  by  the  writer  who  said,  "We  Americans  dig  our  graves  with 
our  teeth." 

Classification  of  Foods.— The  object  of  food  classification  is  to  obtain 
a  working  basis  of  subdivision,  and  the  less  complex  this  is  made  the 
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better.  The  simplest  chemical  classification  is  that  tiiught  by  Baron  von 
Liebig  and  referred  to  in  Chapter  1.  Foods  may  also  be  classified  in 
various  ways,  according  to  (a)  their  physical  properties,  (b)  tlieir  source, 
(f )  their  composition,  and  (rl)  the  rule  which  they  perform  in  the  animal 
body.  Under  the  first  heading  foods  may  Ik)  classified  as  solid,  semi- 
solid, liquid,  or  as  fibrous,  gelatinous,  starchy,  oleaginous  and  albuminous. 
Some  use  the  classification  of  '^complete"  foods,  such  as  eggs  and  milk, 
which  in  a  single  article  comprise  all  the  necessary  ingredients  and  ele- 
ments to  support  life,  and  ^'incomplete"  foods  which  are  only  capable  of 
maintaining  life  for  a  short  time. 

Another  classification  is  that  of  Prout,  who  grouped  foods  as  (a) 
aqueous,  (h)  saccharine,  (c)  oleaginous,  and  (d)  albuminous.  Liebig^s 
classification  was  (a)  nitrogenous  and  (6)  non-nitrogenous  foods.  Foods 
may  also  be  classed  according  to  their  source,  animal  or  vegetable.  AnU 
vial  foods  consist  of  meats,  fish,  fowl,  eggs,  milk  and  its  products,  animal 
fats  and  gelatin.  Vegetable  foods  are  subdivided  into  cereals,  vegetables 
proper,  fruits,  nuts,  sugars  and  vegetable  oils. 

For  convenience,  simplicity  and  accuracy,  the  following  classification 
is  adopted  in  this  work: 


Foods 


,   .    -r  .  (I.  Water 

(a)   Inorganic  j    ^^  ^^^^^ 

.  (III.  Animal  Foods 

(6)   Organic  |  j^  Vegetable  Foods 


The  above  classification  seems  to  be  the  most  satisfactory,  as  it  is  in 
harmony  w^ith  the  chemical  composition  and  dietetic  use  of  the  several 
foods. 

Foodstuffs. — FoodstuflFs — food  materials — are  usually  taken  in  com- 
bination by  man  to  sustain  life.  Starch,  sugar,  fat,  protein  and  certain 
mineral  salts  are  foodstuffs.  Bread,  for  instance,  is  a  combination  of  all 
of  these  foodstuffs,  and  perhaps  for  this  reason  it  has  been  termed  "the 
staff  of  life,"  since  it  supports  the  needs  of  the  corporeal  body.  Certain 
foods  are  composed  of  only  one  foodstuff,  for  example,  cane  sugar,  olive 
oil,  egg  albumin  and  corn  starch. 

Constructive  foodstuffs  are  principally  derived  from  animal  foods,  the 
most  important  constituents  of  which  are  proteins,  without  which  life  is 
impossible.  They  (constructive  foodstuffs)  contain  nitrogen,  carbon, 
hydrogen,  oxygen,  sulphur,  and  some  contain  phosphorus  and  iron.  The 
starches,  fats  and  sugars  contain  no  nitrogen,  sulphur  or  phosphates,  but 
are  rich  in  carbon. 
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All  foods  are  in  reality  mixtures  of  foodstuffs,  as  bread,  for  instance, 
is  a  combination  of  all  the  foodstuffs.  Milk  has  been  termed  a  complete 
food,  as  it  contains  all-  the  elements  (sugar,  fat,  protein,  salts  and  water) 
necessary  to  sustain  life.  Fresh  vegetables  usually  represent  combina- 
tions of  sugar  or  starch,  or  both,  with  a  cellulose  matrix.  Fruits,  again, 
represent  mixtures  of  sugar  solutions  with  vegetable  acids,  and  mineral 
salts,  contained  in  a  cellulose  matrix. 

ELEMENTS  OF  FOOD. — The  chief  elements  of  foodstuffs  are  made  up 
of  proteins,  fats,  carbohydrates  and  salts.  By  referring  to  the  table  in 
Chapter  III,  illustrating  the  proximate  principles  of  food,  we  shall  see 
that  foods  contain  something  more  than  albumin,  globulin,  glutelin, 
casein,  stearin,  palmitin,  olein,  sugar,  starch  and  dextrin. 

ViTAMiNEs. — Quite  a  number  of  food  materials  contain  an  infinitesi- 
mal but  very  important  percentage  of  ^'accessory  substances,"  which  have 
recently  been  found  to  be  very  essential  for  the  normal  development 
and  health  of  the  organism.  Clinical  experimentation  has  established 
the  fact  that  when  these  substances  are  excluded  from  foodstuffs,  the 
body  suffers,  with  the  ultimate  development  of  some  type  of  deficiency 
disease.  Just  what  these  substances  are,  and  the  role  they  enact  in  the 
body  metabolism,  is  at  present  the  subject  of  research  and  investigation. 
In  nutrition,  they  play  a  role  which  might  be  likened  to  that  of  the  hor- 
mones in  cellular  activity  or  the  opsonins  and  other  antibodies  in  the 
infections. 

This  much  is  known  concerning  these  substances:  they  possess  cura- 
tive properties,  they  are  not  protein,  carbohydrate,  fat,  or  inorganic  salt. 
They  are  nitrogenous  bodies  of  definite  chemical  composition — first  iso- 
lated and  described  by  Casimir  Funk(l),  for  which  he  gives  the  formula 
C17II20N2O7,  and  to  this  he  gives  the  name  of  vitamines. 

These  remarkable  substances  exist  in  exceedingly  minute  quantities, 
and  may  act  like  enzymes  catalytically,  changing  a  large  amount  of  food. 
It  is  an  established  fact  that  when  people  are  fed  on  a  monotonous  diet 
for  a  long  time — principally  upon  rice  foods,  corn  meal,  white  wheat 
bread,  pickled  meat  and  canned  foods — that  their  body  nutrition  suffers, 
and  certain  diseases  are  liable  to  be  developed.  In  the  past,  it  was 
thought  that  these  diseases  were  due  to  the  absence  of  acids  or  fresh  fruita 
and  vegetables,  but  it  is  now  believed  that  these  diseases  are  due  in  a 
large  measure  to  the  absence  of  vitamines,  and  that  they  are  cured  by  the 
administration  of  substances  which  contain  them. 

The  labor  of  Osborne,  Mendel,  IIopkins(2),  McColluin  and 
Davis (3),  Funk  and  others  shows  that  there  is  a  specific  growth-pro- 
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ducing  vitamiiie  in  fresh  railk,  eggs,  meat,  yeast,  meat  extract,  yeast  ex- 
tract, in  growing  grain,  and  in  all  grains  wliich  have  not  been  deprived 
of  their  pericarp  (wheat,  cats,  barley,  red  rico  ahd  corn),  and  in  the  sub- 
stances which  have  been  removed  from  them  (wheat  bran,  rice  bran,  corn 
bran,  the  germ  of  wheat  and  other  cereals),  and  in  all  rapidly  growing 
green  vegetables. 

Funk  and  his  followers  have  isolated  other  vitamines  which  may  with 
propriety  be  called  "curative,"  found  in  eggs,  meat,  tish,  bran,  cereals, 
legumes,  fresh  vegetables  and  yeast.  The  value  of  tliesc  substances  has 
been  shown  by  ill  effects  resulting  from  the  absence  of  fresh  foods  and 
the  beneficial  effects  which  follow  their  use. 

Recent  experimentation  has  shown  that  most  fresh  animal  and  vege- 
table juices  contain  minute  quantities  of  vitamines.  They  are  of  definite, 
organic,  chemical  composition, 'easily  destroyed  by  exposure  to  heat,  and 
soon  perish  if  the  foods  containing  them  are  preserved  by  drying.  Their 
precise  chemical  composition  has  not  been  worked  out  in  definite  detail, 
but  they  are  known  to  be  derivatives  of  nuclein  and  nucleic  acids.  Prof. 
Leonard  Hill,  in  discussing  their  importance  in  the  dietary,  says,  "Foods 
contain  a  number  of  vitamines,  and  white  bread  does  not  contain  those 
vitamines.  In  the  milling  process  the  outer  layers  of  the  wheat  berry  are 
removed  and  the  vitamines  taken  away.  That  does  not  matter  to  people 
who  get  meat  and  eggs  and  vegetables.  But  it  does  matter  to  people  whose 
principal  diet  is  bread.  If  one  saw  children  having  tea  and  white  bread 
with  a  smear  of  jelly,  called  jam,  there  would  be  no  vitamines  in  that.  If 
whole  meal  bread  or  black  bread  were  substituted,  they  would  have  vitam- 
ines." Professor  Hill,  in  further  discussing  this  subject,  says  that  in 
the  processes  of  milling  or  canning  these  are  often  destroyed  or  removed, 
as  when  rice  is  polished,  or  in  the  preparation  of  white  flour.  When  foods 
are  stewed  and  the  liquids  thrown  aw^ay,  vitamines,  being  soluble,  may  be 
lost.  Boiling  diminishes  the  rice  vitamines,  but  those  in  w^hole  wheat 
flour  are  not  destroyed  by  baking.  The  addition  of  a  very  little  raw  milk 
to  white  bread  gives  the  necessary  vitamines. 

Condensed  milk  and  canned  foods  have  to  be  sterilized  as  a  part  of 
the  process  to  secure  preservation.  The  heat  necessary  for  sterilizing 
foods  deprives  them  to  a  greater  or  less  extent  of  their  vitamines,  so  that 
when  one  gets  an  abundance  of  milk,  eggs,  etc.,  with  white  bread,  the 
ration  is  fairly  well  balanced ;  but  the  poorer  classes,  among  whom  white 
bread  forms  the  principal  part  of  the  dietary,  with  perhaps  a  little  oleo- 
margarin  and  tea  added,  fare  badly  and  are  undernourished  and  subject 
to  the  deficiencv  diseases. 
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CHAPTER   X 
WATER  IN  THE  BODY  AND  IN  FOODS 


The  greatest  influence  on  health  is  exerted  by  those  things  which  we  most 
freely  and  frequently  require  for  our  existence,  and  this  is  especially  true  of  water 
and  air.     (Aristotle.) 


Composition  of  Water. 

Physical  and  Chemical  Properties:   Color,  odor,  taste. 

Substances  in  Suspension  and  Solution:  Organic  Matter — Sewage  Pollu- 
tions, Ammonia,  Nitrites  and  Nitrates,  Bacteria;  Chlorin  and  Chlorids. 

Sources  of  water  supply:  Rain  water;  surface  water;  ground  water; 
spring,  well  and  river  water. 

The  uses  of  water  in  the  body:  Eliminative  Function;  Function  as  Food; 
Aid  to  Digestion;  Diuretic  and  Diaphoretic. 

General  Considerations — Absolutely  pure  water,  composed  wholly  of 
hydrogen  and  oxygen,  as  represented  by  the  symbol  HoO,  is  never  found 
in  nature  and  is  never  seen  except  in  small  amounts  as  a  laboratory  curi- 
osity. Broadly  speaking,  pure  water  signifies  wholesomeness  and  suitabil- 
ity for  drinking  purposes  and  for  use  in  the  preparation  of  food.  The 
^erm  also  implies  freedom  from  pathogenic  bacteria  and  other  harmful 
ingredients.  In  nature,  all  water  contains  more  or  less  gases  and  solid 
substances  in  solution  and  suspension;  provided  that  these  are  not  pres- 
ent in  such  amounts  as  to  be  injurious,  and  that  bacteria  dangerous  to 
health  are  absent,  the  term  ''pure  water"  is  appropriate. 

Although  water  is  essentially  an  article  of  diet,  yet  it  cannot  be  tech- 
nically classed  as  a  food.  From  the  remotest  antiquity  the  highest  value 
has  been  placed  upon  an  abundant  supply  of  pure  water.  In  ancient 
times,  places  where  good  water  was  abundant  became  the  centers  of  popu- 
lation. Great  expenditures  of  labor,  time  and  treasure  were  made  to 
carry  it  to  places  where  it  was  not  naturally  plentiful.  The  Appian  aque- 
duct carrying  water  to  Rome  is  said  to  have  been  constructed  about  312 
B.C.     Eighteen  other  Roman  aqueducts  were  built  at  various  times  until 
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as  late  as  the  year  226  a.d.  The  great  aqueduct  commenced  by  Emperor 
Caius  and  completed  by  Claudius,  according  to  Pliny,  cost  350,000,000 
sesterces,  or  translated  into  American  currency,  $12,700,000. 


COMPOSITION    OF    WATER 

As  late  as  the  beginning  of  the  nineteenth  century  water  was  re- 
garded as  an  elementary  substance.  Cavendish  in  1781  discovered  that 
when  an  electric  current  was  passed  through  a  mixture  of  two  parts  of 
hydrogen  and  one  part  of  oxygen,  these  gases  combined  to  form  water. 
Since  that  time  water  has  been  made  in  the  laboratory  synthetically  and 
separated  into  its  elements  by  analytical  methods. 

From  a  sanitary  viewpoint,  water  is  either  good  or  bad.  Water  is 
commonly  referred  to  as  pure  or  impure — wholesome  or  unwholesome. 
However,  in  the  present  state  of  our  knowledge  ( 1 ) ,  it  is  not  possible  to 
draw  any  sharp  line  of  distinction.  A  normal  water  is  free  from  any 
direct  or  indirect  pollution  by  waste  products  from  human  life  or  indus- 
tries. Under  this  classification  water  may  differ  widely  in  color,  taste, 
odor  and  composition,  and  may  be  unsuited  for  household  consumption. 

Physical  and  Chemical  Properties  of  Water. — Water  is  a  clear,  trans- 
parent, tasteless  and  odorless  fluid,  colorless  in  small  quantities,  pale  blue 
through  a  deep  column.  At  a  standard  barometric  pressure  of  76^  mm., 
or  29,922  inches,  water  boils  at  100°  C.  or  212°  F.,  and  freezes  at  0°  C. 
It  is  practically  incompressible,  having  the  greatest  density  at  4°  C. 
When  water  freezes  it  expands  almost  9  per  cent  of  its  volume,  and  there- 
fore acquires  a  specific  gravity  less  than  that  of  unfrozen  water  in  which 
it  floats.  Water  is  the  most  remarkable  solvent  known.  Few  substances 
are  not  acted  upon  by  it  to  some  extent.  It  takes  up  all  known  gases,  its 
solvent  power  increasing  in  proportion  to  the  fall  in  temperature  and  the 
rise  in  pressure. 

APPEARANCE. — Pure  water  is  clear,  bright  and  sparkling  in  propor- 
tion to  the  air  and  CO2  dissolved  in  it.  However,  brilliancy  of  appear- 
ance is  not  conclusive  evidence  of  purity  as  some  badly  contaminated 
waters  show  remarkable  brightness.  Turbidity  in  water  signifies  that 
organic  and  mineral  matters  are  in  suspension ;  the  former  may  be  dead 
vegetable  or  animal  substances  or  microscopic  living  plants  and  animals. 
Turbidity  of  a  milky  or  opalescent  nature  is  commonly  due  to  infinitesi- 
mal particles  of  clay  which  remain  in  suspension  for  a  long  time.  Sewage 
in  solution  may  also  present  this  appearance. 
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COLOR.— Water  in  its  pure  Htate  is  colorless.  Surface  waters  may  de- 
rive color  from  contact  with  grasses,  leaves  and  woody  matters  in  general. 
The  reaction  of  water  is  slightly  acid,  but  most  potable  waters  are  faintly 
alkaline  to  delicate  indicators  owing  to  minute  amounts  of  alkaline  car- 
bonates in  suspension. 

ODOR.— As  previously  stated,  pure  water  is  odorless,  but  good  sur- 
face waters  containing  coloring  matters  have  more  or  less  odor,  which  is 
especially  brought  out  by  heating.  If  due  to  vegetable  matter,  it  may 
remain  after  long  boiling,  but  if  due  to  dissolved  gases,  it  rapidly  disap- 
pears on  being  heated.  Water  sometimes  contains  sulphuretted  hydrogen 
from  reduction  of  sulphates  by  bacterial  action,  and  sometimes  mixtures 
of  products  of  organic  decomposition  which  suggests  the  gas.  Odors  in 
water  do  not  always  indicate  danger  to  health.  As  in  the  case  of  color, 
absence  of  odor  must  not  be  accepted  as  an  indication  of  purity,  since 
dangerous  waters  may  often  be  inodorous. 

TASTE.— Pure  water  has  no  taste.  Whatever  taste  may  be  detected  is 
due  to  dissolved  gases.  This  is  most  evident  when  aerated  water  is  heated 
to  the  boiling  point,  allowed  to  cool  and  the  taste  compared  with  the 
unboiled  water.  Saline  matters  impart  no  distinct  taste  unless  present 
in  large  amounts.  The  only  substance  which  imparts  taste  when  it  is 
present  in  small  quantities  is  iron.  Organic  matter  in  solution,  unless 
present  in  large  quantities,  imparts  little  taste  to  the  water.  Water  con- 
taining only  slight  coloring  matter  may  seem  to  have  a  distinct  taste, 
but  it  should  be  mentioned  that  the  senses  of  taste  and  smell  are  often 
unconsciously  influenced  by  the  sense  of  sight.  Often  water  with  both 
odor  and  taste  may  give  no  impression  of  either  if  drunk  in  the  dark. 

Substances  in  Suspension  and  Solution — NITROGEN'  AND  OXYGEN.— 
Substances  normally  found  in  water  are  (a)  gases  in  solution,  (h)  organic 
matters  in  solution  and  in  suspension,  (c)  mineral  matter  in  suspension. 
The  gases  of  first  importance  are  those  found  in  the  air.  Water  contains 
no  air  as  such;  only  its  constituents,  oxygen  and  nitrogen,  are  dissolved 
by  water,  not,  however,  in  the  same  proportions  in  which  they  exist  in 
the  atmosphere.  In  salt  water  the  variations  in  the  proportions  are  less 
restricted.  The  dissolved  oxygen  is,  however,  the  important  element. 
One  hundred  volumes  of  water  at  15°  C.  will  dissolve  nearly  three  vol- 
umes of  oxygen  (2.99),  and  at  20°  C,  2.80  volumes,  but  boiling 
increases  its  solvent  properties.  The  quantity  of  oxygen  in  solution  is 
fairly  constant  in  waters  of  uniform  composition  freely  exposed  to  the 
atmosphere;  but  when  exposed  to  sewage,  contamination  and  other  oxi- 
dizable  matters,  the  oxygen  content  diminishes  in  proportion  to  the  per- 
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centage  of  the  sewage  content.  This  progressive  diminution  is  due  to  the 
constant  access  of  organic  matter,  which  undergoes  oxidation  at  the  ex- 
pense of  the  dissolved  oxygen.  Water  from  deep  wells  is  very  commonly 
free  from  dissolved  oxygen,  because  it  is  abstracted  by  compounds  of  iron 
or  manganese,  organic  matters  and  other  substances.  Spring  water  con- 
tains more  dissolved  oxygen  than  water  from  any  other  source  (see  direc- 
tions for  making  tea  or  coffee  by  aerating  hydrant  water  with  the  atmos- 
phere. Volume  I,  Chapter  XVI).  The  presence  in  water  of  considerable 
dissolved  oxygen,  derived  from  the  atmosphere,  leads  to  beneficial  changes 
in  the  organic  matter  present.  On  the  other  hand,  a  diminished  oxygen 
content  permits  the  development  of  low  forms  of  vegetable  life  which 
frequently  give  rise  to  unpleasant  tastes  and  odors.  Their  growth  is 
inhibited  by  a  large  degree  of  aeration,  and  these  disagreeable  effects  are 
thereby  prevented. 

CARBON  DIOXID.— The  carbon  dioxid  contained  in  water  is  derived 
largely  from  the  atmosphere,  and  from  the  soil  where  it  is  present  in 
abundance.  The  percentage  of  CO2  in  water  depends  upon  the  character 
of  the  soil  and  the  extent  of  oxidation  of  organic  matter  occurring  in  the 
interstices ;  the  amount  is  also  regulated  to  some  extent  by  the  percentage 
carried  in  by  rain  and  dust.  It  is  present  in  greatest  amounts  at  great 
depths,  and  may  constitute  almost  the  entire  amount  of  dissolved  gases. 
It  is  alleged  that  sea  water  contains  about  10  times  as  much  CO2  as  the 
entire  atmosphere (2). 

ORGANIC  MATTER.— The  organic  matters  in  water  are  of  both  animal 
and  vegetable  origin,  and  consist  of  organisms  and  products  of  organic 
life  resulting  from  disintegration  and  decomposition.  The  animal  mat- 
ters include  living  and  dead  organisms  and  dissolved  and  suspended  prod- 
ucts of  animal  life  and  decay,  such  as  albuminous  substances,  urea  and 
tissues.  The  vegetable  organisms  include  species  of  numerous  micro- 
scopic plants,  which  under  certain  conditions  act  beneficially  by  absorbing 
the  products  of  organic  decomposition  for  their  growth,  but  which  may, 
under  favorable  conditions,  cause  much  annoyance  by  over-abundant 
growth,  disintegration  and  decay.  The  organic  matters — animal  and 
vegetable — which  are  of  prime  importance  to  the  physician  consist  of 
carbon,  hydrogen,  oxygen,  nitrogen  and,  in  many  cases,  small  amounts  of 
phosphorus  and  sulphur. 

The  inception,  progress  and  completion  of  the  process  of  decomposi- 
tion is  due  to  bacterial  activity,  wherein  the  carbon  combines  with  oxy- 
gen to  form  carbon  dioxid,  and  the  hydrogen  unites,  in  part,  with  nitro- 
gen, liberating  ammonia.     The  presence  of  the  latter  in  water  always 
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indicates  that  the  process  of  decomposition  is  under  way.  In  its  turn 
the  ammonia  is  converted  eventually  into  nitric  acid,  which  unites  with 
bases  to  form  nitrates. 

Ammonia. — Ammonia  in  water  is  of  importance  from  the  stand- 
point of  saniiaiion.  It  most  often  occurs  in  the  form  of  hydrate,  hut 
occasionally  as  a  chlorid  or  carbonate.  If,  on  boiling,  the  salts  decom- 
pose and  the  ammonia  escapes  in  the  steam,  it  is  referred  to  as  free  am- 
monia. The  most  direct  source  of  ammonia  in  water  is  rain  water.  The 
showers  bring  it  down  from  the  atmosphere  in  varying  amounts,  accord- 
ing to  location.  Under  ordinary  conditions  the  ammonia  in  surface 
waters  after  conversion  to  nitrates  is  absorbed  very  rapidly  by  growing 
vegetation,  and  the  more  active  the  conversion  and  growth,  the  greater  the 
appropriation  on  the  part  of  growing  vegetation. 

If  free  ammonia  exists  in  water  to  any  marked  extent,  it  may  be  meas- 
ured directly  by  using  the  Nessler  reagent.  If  the  amount  is  compara- 
tively small,  as  is  usually  the  case,  the  ammonia  must  first  be  concen- 
trated by  distillation  and  condensation.  Ammonia  is  always  characteristic 
of  sewage  pollution,  the  oxidation  of  which  yields  it  in  abundance  under 
conditions  which  do  not  permit  it  to  be  rapidly  oxidized  into  nitric 
acid.  Ammonia  in  drinking  water  produces,  'per  se,  no  harmful  effects. 
The  amount  present,  however,  is  of  more  or  less  importance.  In  clean 
and  properly  stored  rain  water  it  is  of  little  moment ;  in  other  waters  it 
is  usually  evidence  of  the  decomposition  of  organic  matter.  Its  content 
in  potable  water  is  not  large,  and  on  account  of  oxidation  and  absorption 
by  growing  vegetation,  it  does  not  accumulate,  even  in  sewage-polluted 
waters. 

Nitrites. — Nitrites  in  water  are  regarded  as  a  special  danger  signal, 
the  presence  of  which  indicates  that  active  putrefaction  of  nitrogenous 
organic  matter  is  under  way  as  a  result  of  bacterial  activity,  and  their 
presence,  therefore,  at  once  suggests  organic  pollution.  Small  amounts 
of  nitrites  in  water  may  be  derived  from  the  air  by  absorption,  or  by  the 
cleansing  action  of  rain  showers.  In  some  instances  they  may  be  due  to 
water  coming  in  contact  with  metallic  surfaces,  brick  work  and  new  ma- 
sonry with  nitrites  in  solution.  But  in  the  largest  majority  of  instances 
the  presence  of  nitrites  may  be  traced  to  sewage  contamination.  Nitrites 
are  present  only  in  small  amounts,  since  they  are  rapidly  oxidized  to  the 
higher  and  more  stable  nitrates,  which  represent  the  final  stage  of  com- 
plete oxidation.  Nitrates  do  not  undergo  further  change  and,  being  per- 
manent in  character,  accumulate  in  the  water  unless  withdra>vn  by  vege- 
table life  or  reduced. 
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Nitrates. — Nitrates  in  water,  like  ammonia,  are  not  in  any  way 
harmful  in  the  amounts  usually  present  in  potable  waters.  They  only 
represent  what  was  once  organic  nitrogen,  but  now  rendered  harmless  by 
being  completely  mineralized.  The  presence  in  water  of  nitrites  is  of  far 
greater  importance  than  that  of  nitrates;  the  presence  of  the  former 
means  that  fermentative  changes  are  in  active  progress,  and  that  oxidiza- 
tion is  not  complete. 

CHLORINS  AND  CHLORIDS.— Sodium  chlorid  is  a  normal  constituent 
of  all  waters.  Rain  water  takes  it  up  from  the  air  in  small  traces,  par- 
ticularly near  the  sea  coast.  The  amount  of  chlorin  normally  present 
in  water  depends  principally  on  location  and  other  conditions.  An  in- 
crease over  the  normal  is  always  indicative  of  pollution,  mostly  due  to 
the  presence  of  urine.  Chlorin  increases  directly  with  the  population; 
the  amount  present  is  also  influenced  very  greatly  by  proximity  to  the 
ocean,  since  the  air  above  the  sea  necessarily  contains  more  chlorin  than 
the  air  inland.  For  instance,  a  polluted  water  may  have  its  organic 
nitrogen  converted  into  nitrates,  and  these  in  turn  may  be  absorbed  by 
vegetable  growth;  it  may  be  clear,  colorless,  odorless  and  palatable,  free 
from  pathogenic  bacteria,  and  in  every  way  suitable  for  drinking  pur- 
poses, but,  nevertheless,  the  chlorin  remains  as  a  mute  witness  of  remote 
or  passed  pollution.  The  percolation  of  sea  water  into  wells  near  the 
ocean  renders  the  water  hard,  salty  and  undesirable  for  domestic  use. 
Magnesium  chlorid  also  renders  water  unsuitable  for  use  in  boilers. 
Wells  driven  near  the  sea  frequently  become  mixed  with  sea  water,  par- 
ticularly if  the  quantity  drawn  is  sufficient  to  cause  suction.  When  this 
happens  it  may  be  a  difficult  problem  to  operate  the  well  without  draw- 
ing in  sea  water.  This  sea  water  question  has  been  more  scientifically 
studied  in  Holland  than  elsewhere. 

Bacteria. — Bacteria  in  water  may  be  of  the  harmless  and  beneficial 
kinds,  depending  upon  dead  organic  matter  for  sustenance,  thereby  bring- 
ing about  its  complete  conversion  into  simple  chemical  substances.  Prac- 
tically all  natural  waters  contain  bacteria — rain  water,  surface  water, 
water  of  rivers  and  lakes  and  ocean  water.  The  number  and  variety  of 
the  bacteria  vary  greatly  in  different  places  and  under  different  condi- 
tions. Bacteria  are  washed  into  the  water  from  the  soil  and  from  almost 
every  conceivable  source.  The  excretions  from  animals  pollute  waters 
with  enormous  numbers  of  microorganisms,  but  infection  from  certain 
species  of  bacteria  found  in  the  intestinal  tract  of  man  makes  water  most 
dangerous  for  consumption.  The  bacterial  content  of  surface  waters 
varies  with  conditions  which  favor  or  retard  growth  and  accessions.    Sun- 
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shine,  influx  of  food  material  or  of  substances  inimical  to  bacterial  life, 
sedimentation  and  growth  of  higher  organisms  act  for  or  against  in- 
crease. Matters  suspended  in  the  current  of  a  flowing  stream  carry 
down  with  them  the  bacteria  that  have  gatlierod  upon  them  or  have  been 
entangled  by  contact.  The  diminution  of  their  numlxjr  by  this  means 
is  more  marked  in  sluggish  streams  and  still  waters  than  in  rapidly  flow- 
ing brooks,  rivulets  and  large  water  courses.  The  growth  of  algoe  and 
other  aquatic  plants  causes  diminution  to  a  greater  or  less  degree  by 
appropriating  the  nutrient  materials  upon  which  they  subsist,  and  pos- 
sibly through  other  influences  yet  unknown.  Certain  bacteria  whose 
natural  habitat  is  the  intestinal  canal  of  man  and  animals  find  their  way 
into  surface  waters  and  pollute  them.  These  forms  are  pathogenic. 
Probably  they  do  not  increase  in  water,  but  retain  their  virulence  in 
undiminished  degree  for  definite  periods  of  time,  and  then  tend  to  be- 
come modified  in  this  respect  and  rapidly  to  disappear.  Cholera  germs 
have  been  found  in  the  Seine  river  in  an  active  state  after  seven  days 
and  in  ordinary  drinking  water  for  as  long  as  twenty  days.  Typhoid 
bacilli  remain  virulent  for  longer  or  shorter  periods;  they  have  been 
found  in  very  pure  water  after  more  than  seven  weeks,  while  in  badly 
polluted  water  their  life  is  very  short. 

Bushner(3)  has  shown  that  the  rays  of  the  sun  kill  cultures  of 
typhoid  bacillus  at  a  depth  of  five  feet  in  about  four  and  one-half  hours, 
while  at  double  that  depth  their  effects  are  practically  nil.  It  is  true  that 
this  organism  survives  longer  in  cold  than  in  hot  weather.  A  probable 
explanation  is  that  in  warm  weather  the  conditions  may  be  more  unfa- 
vorable to  the  destruction  of  the  organism  than  in  cold  weather. 

Concerning  the  Bacillus  coli  communis,  Kruse(4)  in  1894  asserted 
that  this  organism  is  so  ubiquitous  that  it  cannot  be  regarded  as  charac- 
teristic of  sewage,  and  in  this  position  he  has  received  the  support  of  a 
number  of  other  investigators  who  have  succeeded  in  isolating  the  organ- 
ism from  waters  examined.  In  spite  of  the  fact  that  numerous  investi- 
gators have  found  the  organism  where  it  could  not  be  traced  directly  to 
fecal  pollution,  the  Committee  of  the  American  Public  Health  Associa- 
tion(5),  on  carefully  examining  this  subject  in  all  its  phases,  reports  that 
the  preponderance  of  evidence  suggests  that  their  mere  presence  rather 
than  their  number  should  be  the  criterion  of  recent  sewage  pollution. 
Clark  and  Goge(6),  as  a  result  of  the  examination  of  some  16,000  sam- 
ples of  water  and  more  than  2,000  specimens  of  shellfish,  sea  water,  ice, 
milk,  dust  and  excrement,  conclude  that  the  colon  bacillus  occurs  more 
frequently  in  sewage  than  all  other  bacteria. 
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Sources  of  Water We  can  safely  assert  that  all  water  comes  to  us 

from  the  aqueous  vapor  condensed  in  the  form  of  rain  or  snow.  Of  this 
a  certain  percentage  returns  to  the  atmosphere  hy  evaporation (7) ;  the 
balance  collects  upon  the  surface  of  the  earth  or  soaks  into  the  ground. 
Some  of  it  flows  oif  in  the  direction  of  lakes,  ponds  or  rivers.  The  sources 
of  water  may,  therefore,  be  said  to  be  (a)  rain  water,  (h)  surface  water, 
(c)  ground  water,  including  springs  and  wells.  This  classification  is  a 
convenient  one,  but  there  is  no  sharp  line  of  demarcation  between  rain, 
surface  and  ground  water.  Rain  water,  once  it  falls,  becomes  surface 
water,  and  surface  water  quickly  passes  into  the  earth,  becoming  ground 
water.    Ground  water  in  time  becomes  spring  and  well  water. 

ICE  AND  SNOW  WATER. — In  freezing  water  becomes  purer,  losing  a 
large  portion  of  its  saline  content.  Even  the  calcium  carbonate  and  sul- 
phate content  is  materially  lessened  after  freezing.  Thus  ice  water  may 
be  tolerably  pure,  but  the  air  being  expelled  it  is  heavy  and  non-aerated. 
Snow  water  contains  the  salts  of  rain  water;  rather  less  ammonia  is 
present,  however,  and  the  percentage  of  carbonic  acid  and  air  is  infinites- 
imal ly  small. 

Upland  surface  water  most  nearly  approaches  rain  water  in  all  its 
characteristics.  The  dissolved  matters  are  present  in  greater  volume,  the 
percentage  depending  somewhat  upon  the  soil  over  which  the  water  flows, 
and  therefore  it  is  customary  to  subdivide  this  class  of  water  according 
to  the  geological  character  of  the  ground  from  which  the  upland  water  is 
obtained.  Upland  water  does  not  contain  any  considerable  amount  of 
dissolved  matters  unless  they  be  derived  from  calcareous  strata.  The 
organic  substances  present  are  chiefly  vegetable.  The  chlorin  content  is 
low  and  the  water  soft. 

SPRING  AND  WELL  WATER.— Rain  falling  on  the  earth  is  partly  ab- 
sorbed and  partly  evaporated  into  the  atmosphere,  the  relative  amounts 
varying  with  the  configuration  and  density  of  the  ground,  and  with  the 
circumstances  impeding  or  favoring  evaporation,  such  as  temperature, 
movements  of  the  air,  etc.  Springs  are  merely  local  outcroppings  of 
the  water  table  and  are  subject  to  variations  in  the  volume  of  outflow. 
During  a  drouth  the  flow  of  water  from  a  spring  may  cease  altogether 
because  of  a  fall  in  the  level  of  the  ground  water ;  this  may  also  happen 
in  the  case  of  springs  located  at  the  foot  of  hills  or  mountains.  The 
laity  look  upon  spring  water  as  the  purest  from  nature's  water  fountain, 
but  they  share  with  other  waters  the  same  chances  of  becoming  polluted. 
Wells  may  be  classed  as  dug,  driven  and  bored ;  again,  they  are  sometimes 
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classified  according  to  depth.  A  well  r>0  feet  or  less  is  termed  shallow, 
and  100  feet  or  more,  deep. 

RIVER  WATER.— Kiver  water  comes  from  a  variety  of  sources,  and  is 
even  more  complex  in  its  constitution  than  spring  water.  The  Schuyl- 
kill River  rises  in  the  anthracite  coal  regions  of  i^ennsylvania  and,  receiv- 
ing much  refuse  mine  matter,  becomes  impregnated  with  iron  salts  and 
froo  mineral  acids,  which  render  it  quite  unsuitahle  for  domestic  or 
manufacturing  purposes.  In  its  course  of  about  100  miles  it  traverses  an 
extensive  limestone  district  and  receives  several  large  streams  heavily 
charged  with  calcium  carbonate.  River  water  is  also  influenced  by  sea- 
sons and  by  circumstances  connected  with  seasons,  such  as  the  melting  of 
snow,  freshets  and  Hoods.  Even  samples  of  water  taken  on  opposite 
biuiks  of  a  river  may  vary  in  composition. 

Drinking  Water— DISTILLATION.— Distillation  is  now  largely  used,  and 
affords  an  easy  way  of  securing  safe,  potable  water;  besides,  boiling  effec- 
tively frees  the  water  from  its  impurities.  On  board  ships  distillation 
of  sea  water  is  resorted  to  in  order  to  free  it  from  salts  and  to  render  it 
fit  for  drinking  purposes (8).  Although  the  w^ater  thus  obtained  is  pure, 
yet  all  the  gases  have  been  driven  off  from  it  by  the  boiling;  it  is  of 
course  unpalatable,  and  by  some  supposed  to  be  indigestible.  It  may  be 
aerated  by  allowing  it  ip  slowly  trickle  down  through  a  long  column  of 
wood  charcoal,  or  by  filtration  through  animal  charcoal  or  other  porous 
substances. 

CHEMICAL  AND  BACTERIOLOGICAL  ANALYSIS.— The  chemical  and  bac- 
teriological analyses  of  drinking  water  are  of  great  value.  Chemical 
analysis  will  reveal  the  presence  of  organic  and  mineral  impurity,  such 
as  accompanies  infectious  matters  from  the  intestines  and  bladder. 
Though  it  cannot  give  grounds  for  a  positive  assertion  that  the  use  of 
water  thus  polluted  will  inevitably  cause  disease,  it  can  and  does  point 
out  possible  danger.  Bacteriological  analysis  differentiates  between 
pathogenic  and  iion-pathogenic  contamination.  Only  rarely,  however, 
does  it  serve  to  point  out  danger  in  advance. 

According  to  Professor  Frankland,  who  has  had  a  large  experience  in 
the(9)  detection  of  specific  pathogenic  bacteria  in  drinking  water: 

Their  detection  is  now  known  to  be  practically  impossible,  and  the  search  for 
such  bacteria  is,  in  general,  only  carried  on  in  deference  to  the  special  request  of 
the  layman,  the  uninitiated,  or  the  hopelessly  ignorant,  since  it  cannot  be  repeated 
often  enough;  so  that  any  feeling  of  security  which  may  be  gathered  from  an  unsuc- 
cessful search  for  pathogenic  bacteria  is  wholly  illusory,  and  in  the  highest  degree 
dangerous.     By  far  the  most  important  service  which  has  been  rendered  by  bae- 
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teriology  is  the  means  which  it  affords  of  controlling  the  efficiency  of  filtration 
and  other  purification  processes.  The  slightest  irregularity  or  defect  in  the  process 
of  filtration  is  at  once  laid  bare.  Bacteriological  purity  of  well  water  can  also  be 
satisfactorily  controlled. 

Horrocks(lO),  who  has  had  a  large  experience  in  this  particular  Held, 

says: 

If  a  considerable  time  has  elapsed  since  the  occurrence  of  pollution,  the  bac- 
teriological detection  of  same,  especially  when  waters  of  great  original  purity  are 
concerned,  becomes  more  and  more  difficult  ...  it  is,  therefore,  evident  that  a 
bacteriological  examination  has  its  limits  of  usefulness,  and  a  slavish  adherence 
to  it  under  all  conditions,  combined  with  neglect  of  the  hints  to  be  obtained  by 
chemical  means,  may  lead  to  a  perfectly  erroneous  judgment.  Still,  there  is  one 
branch  of  hygienic  study  in  which  bacteriology  must  always  reign  supreme;  it  is 
now  acknowledged  on  all  sides  that  the  working  of  sand  filters  for  public  water 
supplies  cannot  be  properly  kept  under  control  except  by  appealing  to  bacterio- 
logical methods  of  examination. 

Mayer (11)  claims  to  have  isolated  typhoid  bacilli  from  well  water, 
and  Jackson  found,  by  the  use  of  lactose  bile  media,  that  he  was  able  to 
isolate  the  typhoid  bacillus  (a)  from  Grass  River,  a  source  of  water 
supply  for  Canton,  New  York;  (h)  from  a  pond  or  stream  used  as  a 
private  water  supply  at  Hastings-on-the-Hudson ;  and  (c)  from  two  points 
on  the  Hudson  River.  Nevertheless,  it  is  very  rare  that  the  isolation  of 
the  typhoid  organisms  from  suspected  water  supplies  is  ever  accomplished. 

With  this  data  before  us,  it  may  be  safely  said  that  neither  chemical 
nor  bacteriological  analysis  is  infallible.  Each  method  has  its  uses,  and 
each  may  be  helped  by  the  other.  The  value  of  either  lies  largely  in  the 
skill  of  the  investigator  in  correctly  interpreting  the  results  of  his  find- 
ings. This  requires  as  much  knowledge  as  the  minutiae  of  the  examina- 
tion itself. 

Below  we  append  a  table  of  qualitative  tests  for  the  chemical  examina- 
tion of  water: 

Table  Showing  Reagents  Necessary  for  Qualitative  Examination  of  Water  i 


Substance  sought 
for 

Reagents  to  be  used,  and 
eflfects 

Remarks 

Reaction 
Lime 

Litmus  and  turmeric  pa- 
pers;    usual     red     or 
brown  reactions 

Oxalate  of  Ammonium 
White  precipitate 

Usually    neutral.      If   acid,    and    acidity 
disappears  on  boiling,  it  is  due  to  car- 
bonic acid.     If  alkaline,  and  alkalinity 
disappears    on    boiling,    to    ammonia 
(rare)  ;    if    permanently    alkaline,    to 
sodium  carbonate 

Six  grains  per  gallon    (9    per   100,000) 
give  turbidity:  sixteen  grains  (23  per 
100,000)   considerable  precipitate 

1  Notter  and  Firth  in  "Treatise  on  Hygiene." 
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Reagents  Necessary  for  Qualitative  Examination  or  Water — Continued 


Substance  sought 
for 


Chlorin 


Sulphuric  acid 


Nitric  acid 


Ammonia 


Iron 


Hydrogen   sulphid 


Lead   or  copper 


Lead 


Zinc 


Reagents  to  be  used,  and 
effects 


Nitrate  of  Silver  and  di- 
lute nitric  acid 

White  precipitate,  becom- 
ing  leud    color 


Remarks 


One  grain  per  gallon  (1.4  per  100,000) 
gives  u  ha/.e;  four  grains  per  gallon 
(0  per  100,(M)0)  give  a  marked  turbi- 
dity; ten  grains  (14  per  100,000)  a 
considerable  precipitate 


Chlorid    of    Barium    and    One  and  a  half  grains  (2  per  100,000)  of 


1  i  1  u  t  e     hydrochloric 
acid 
White  pi-ecipitate 


Bruoin  solution  and  pure 

sulphuric  acid 
A   pink  and  yellow  zone 


Nessler's   solution 
A  yellow  color  or  a  yel- 
low  brown   precipitate 

Red  and  yellow  prus- 
siates  of  potash  and 
dilute  HCl 

Blue  color 

A  salt  of  lead 
Black  precipitate 

Ammonium  sulphid. 
Dark  color,  not  cleared 
up  by  HCl 


Small  crystals  of  potas- 
sium bichromate  give  a 
turbidity 


Render  water  slightly 
ammoniacal ;  boil ;  fil- 
ter; a  few  drops  of 
potassium  ferrocyanid 
give  a  haze  to  white 
precipitate 

Hydrogen  sulphid  gives 
a  while  precipitate 


sulphate  gives  no  precipitate  until 
after  standing;  three  grains  (4  per 
100,000)  give  an  immediate  haze,  and, 
after  a  time,  a  slight  precipitate 

The  sulphuric  acid  should  be  poured 
gently  down  to  form  a  layer  under  the 
mixed  water  and  brucin  solution  ;  half  a 
grain  of  nitric  acid  per  gallon  (=0.7 
per  100,000)  gives  a  marked  pink  and 
yellow  zone;  or,  as  recommended  by 
Nicholson,  2  c.c.  of  the  water  may  be 
evaporated  to  dryness,  a  drop  of  pure 
sulphuric  acid  and  a  minute  crystal  of 
brucin  be  dropped  in;  0.01  grain  per 
gallon  (=0.0143  per  100,000)  can  be 
easily  detected 

If  in  small  quantity,  several  inches  in 
depth  of  water  should  be  looked  down 
through  on  a  white  ground 

The  red  for  ferrous  and  the  yellow  for 
ferric  salts 


When  the  water  is  heated  the  smell  of 
hydrogen   sulphid  may   be   perceptible 

Place  some  water  (100  c.c.)  in  a  white 
dish,  and  stir  up  with  a  rod  dipped  in 
ammonium  sulphid;  wait  till  color 
produced,  then  add  a  drop  or  two  of 
hydrochloric  acid.  If  the  color  dis- 
appears, it  is  due  to  iron;  if  not,  to 
lead  or  copper 

One-tenth  grain  per  gallon  gives  an  im- 
mediate turbidity;  one-twentieth  grain 
per  gallon  after  one  minute;  one- 
fiftieth  grain  per  gallon  after  half  an 
hour 

The  filtrate  must  be  quite  clear  before 

the  ferrocyanid  is  added 
This  reaction  is  not  available  if  iron  be 

present   or    if    the    water    be   acid    or 

alkaline 
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THE   USES  OF  WATER  IN  THE  HUMAN   SYSTEM 

Eliminative  Function — It  was  once  taught  that  increased  consumption 
of  water  was  accompanied  by  an  increased  waste  of  nitrogenous  tissues, 
but  this  erroneous  belief  is  no  longer  given  credence.  Any  increased 
excretion  of  nitrogen  with  a  free  consumption  of  water  does  not  entail 
an  increased  breaking  down  of  body  substance,  only  a  washing  or  flush- 
ing out  of  the  tissues  with  the  elimination  of  waste  matters  loitering  in 
them. 

This  important  eliminative  function  of  water  is  one  of  great  thera- 
peutic value.  It  indicates  the  necessity  for  a  generous  supply  of  water 
at  all  times  and  places,  in  such  diseased  conditions  as  gout,  diabetes,  con- 
tinued fevers,  and  in  cases  where  the  excretory  power  of  the  kidneys  is 
retarded  by  disease. 

Function  as  Food. — Of  the  inorganic  substances  water  may  well  be 
taken  up  first  in  our  discussion,  because  about  sixty-six  and  two-thirds 
per  cent  of  the  weight  of  the  body  is  made  up  of  water.  The  importance 
of  water  as  a  true  food  is  at  once  apparent  from  this  statement.  Water 
is  absolutely  essential  for  the  physiological  performance  of  every  bodily 
function,  and  each  living  cell  of  the  body  requires  water  for  a  continua- 
tion of  its  life  processes. 

About  four  and  a  half  pints  of  water  are  given  off  from  the  body 
daily  in  the  various  excreta  and  exhalations.  About  one-sixth  of  this  loss 
is  replenished  by  the  combination  of  oxygen  and  hydrogen  in  the  tissues. 
The  remainder  is  replaced  most  conveniently  from  foods,  beverages,  and 
lastly  from  the  drinking  of  water  in  a  pure  state  when  it  retains  all  of  its 
solvent  properties.  If  one  reckons  that  about  half  of  the  whole  weight  of 
solid  food  taken  consists  of  water,  then  the  amount  required  to  be  added 
to  the  diet  in  an  actually  fluid  form  varies  from  four  to  six  glasses,  de- 
pending somewhat  upon  the  season,  amount  and  variety  of  food  and  exer- 
cise taken.  The  age,  sex  and  size  of  the  individual  are  factors  to  be  con- 
sidered in  the  total  daily  consumption  of  water.  In  very  warm  weather, 
under  exceedingly  strenuous  exercise,  great  quantities  of  water  will  be 
lost  in  the  form  of  perspiration,  that  would  not  be  lost  on  a  cold  day  and 
must  be  compensated  for. 

As  previously  stated,  the  nature  of  the  diet  has  an  important  influence 
on  the  amount  of  water  consumed.  On  this  point  some  interesting  obser- 
vations have  been  recorded  by  Voit  as  contained  in  the  following  table  • 
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Food  ConsunuMl 

800  grains  of  bread    . 

500  grains  of  nu'ut  uiul   JtMi  <•!    fat    .  . 

500  «;ram8  of  meat  and  *200  of  Htarch 

1,500  grams  of  meat    


Water  CoMHumt'd     Water  in  Feces 


1.151  grams 
7«{0  grams 
<iM{  graiiiH 

1 . J.{H  grams 


212  grams 
25  grams 
1((  grams 
10  grams 


Aid  in  Digestion. — Water  })liivs  an  iiui)()rtant  rolo  in  the  digestion  of 
foods.  While  the  water  of  digestion  is  most  frecjuently  taken  during 
meals,  it  ought  to  be  largely  secreted  by  the  salivary  glands  during  the 
process  of  masticating  the  food.  In  order  that  the  glands  may  secrete 
freely  and  copiously  bathe  the  bolus  of  food  before  swallowing,  one 
should  drink  freely  water,  milk  or  other  beverage  an  hour  after  each 
meal.  Water  is  also  of  use  during  the  process  of  absorption  of  the  di- 
gested foods.  It  is  in  the  small  intestine  that  water  is  chiefly  absorbed. 
Only  a  very  small  amount  is  al)sorbed  by  the  stomach  and  a  trifling 
amount  possibly  in  the  mouth.  Water  absorbed  in  the  intestine  is  rapidly 
passed  into  the  lymphatics  and  carried  into  the  circulation,  of  which  it 
makes  up  about  ninety  per  cent  of  the  circulating  fluid  of  the  body. 
From  the  circulation  the  water  is  removed  by  sending  it  through  the  kid- 
neys into  the  bladder,  making  space  in  the  circulatory  apparatus  for  the 
entrance  of  more  fluid  from  the  alimentary  tract.  This  use  of  water  in 
digestion  makes  possible  the  easy  distribution  of  food  materials  from  the 
point  where  they  are  absorbed  to  the  various  parts  of  the  body  where  they 
are  assimilated  by  the  tissues.  It  is  well  to  remember  that  ninety-five 
and  one-half  per  cent  of  the  saliva  and  gastric  juice  and  ninety-eight  per 
cent  of  the  pancreatic  juice  is  water. 

NECESSITY  OF  WATER.— One  may  do  without  organic  foods  for  many 
days,  or  even  weeks,  but  twenty-four  hours  without  w^ater  will  cause  one 
to  experience  a  thirst  which  soon  becomes  a  torturing  madness.  After  a 
day  or  so  this  thirst  merges  into  a  suifering  which  dethrones  the  mind. 

Continued  deprivation  of  water  causes  the  blood,  by  virtue  of  its 
self-regulating  power,  to  withhold  fluid  from  the  kidneys  and  digestive 
glands.  As  a  result  the  digestive  secretions  become  more  concentrated 
and  more  intense  in  reaction  and  greatly  diminished  in  amount.  The 
mucous  surfaces  become  dry  and  parched,  especially  in  the  mouth,  which 
is  the  first  part  of  the  organism  to  suffer  because  of  the  passage  of  the 
air  and  the  consequent  evaporation.  The  diminution  and  altered  strength 
of  the  digestive  secretions  greatly  interfere  with  and  lessen  their  nor- 
mal action  upon  the  ingested  food.  The  peristaHic  movement  of  food  in 
the  stomach  and  intestines  is  retarded  and  the  absorption  of  fluid  through 
the  walls  of  the  alimentary  canal  is  lessened  and  nutrition  retarded.    The 
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muscles  and  other  structures  dry  up  and  diminish  in  volume  and  emacia- 
tion is  rapid. 

Diuretic  and  Diaphoretic  Function. — Water  is  a  diuretic  and  diapho- 
retic. In  conditions  where  it  cannot  be  retained  by  the  stomach  it  may 
be  advantageously  administered  by  the  use  of  a  rectal  tube.  All  the 
water  so  administered  will  be  absorbed  if  the  rectum  has  been  previously 
evacuated  and  washed  out.  A  half  or  even  a  pint  of  salt  solution  may  be 
introduced  subcutaneously,  where  it  will  be  promptly  absorbed  and  quite 
rapidly  eliminated.  This  method  of  flushing  the  kidneys  is  often  resorted 
to  in  certain  diseased  conditions  where  rapid  elimination  through  the 
kidneys  is  desired. 

Recent  experiments  by  Falck  (Archiv  fur  Physiologic)  have  shown 
that  if  the  water  of  the  diet  be  reduced  twenty-seven  per  cent  there  is 
unmistakable  evidence  that  the  blood  becomes  more  concentrated  and 
that  the  solids  of  the  plasma  rise  from  4,800,000  to  5,580,000  per  cubic 
millimeter,  and  the  specific  gravity  of  the  blood  serum  from  1027.4  to 
1033.4.  At  the  same  time,  the  arterial  tension  and  volume  of  the  pulse 
is  diminished  as  the  blood  becomes  more  concentrated.  This  is  the  usual 
result  when  water  is  restricted.  Water  passes  from  the  tissues  into  the 
circulation  to  make  good  the  deficiency.  The  tissues,  therefore,  become 
dryer.  Hence  in  cardiac  dropsy  where  the  tissues  become  water-logged 
good  results  may  be  secured  by  restricting  the  amount  of  fluid  in  the  diet. 
The  tissues  then  will  drain  themselves  into  the  blood  vessels. 

One  or  two  tumblerfuls  of  cold  water  taken  on  an  empty  stomach 
in  the  morning  on  arising  favors  the  evacuation  of  the  bowels.  The 
water,  moreover,  is  quickly  absorbed  and  temporarily  increases  the  fulness 
of  the  blood  vessels,  which  promotes  intestinal  secretion  and  intestinal 
activity.  Increased  activity  of  the  bowel  is  explained  in  this  way  rather 
than  by  the  idea  that  the  water  itself  reaches  the  colon  and  flushes  out 
its  contents. 

The  temperature  of  drinking  water  is  a  matter  of  some  importance. 
Iced  water  will  stimulate  a  more  rapid  and  greater  secretion  of  gastric 
juice,  but  iced  water  in  excess  is  injurious,  as  it  lessens  the  motility  of 
the  stomach,  and  should  not  be  taken  when  one  is  overheated.  Hot  water 
has  a  very  beneficial  effect  on  an  irritated  stomach,  as  in  some  forms  of 
gastritis. 

Pure  water  is  by  far  the  safest  of  all  beverages.  A  moderate  amount 
of  water,  drunk  slowly  at  the  end  of  each  meal,  is  a  valuable  aid  to  di- 
gestion, since  it  stimulates  contractions  of  the  stomach,  dispersing  wind, 
or  diluting  any   undue  acidity,   and  thereby  promoting  digestion.      A 
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tumbler  full  of  warm  or  preferably  bot  water  taken  just  before  a  meal 
removes  mucus  and  refreshes  the  gastric  mucous  membrane.  Taken 
three  or  four  hours  after  a  meal,  it  assists  in  the  final  stages  of  gastric 
digestion,  dilutes  any  undue  acidity,  and  frequently  leads  to  the  eructa- 
tion of  gas.  Thin  persons  may  encourage  their  appetite  by  drinking 
frequent  sips  of  water  during  a  meal.  They  eat  more  by  its  aid.  The 
water,  by  its  ease  of  absorption,  fills  out  the  intercellular  spaces,  increas- 
ing the  bulk  and  weight  of  the  body  and  improving  the  general  condition. 

Water  taken  in  moderate  quantities  acts  as  a  diluent  of  the  blood,  as 
a  solvent  of  waste  material,  promotes  metabolic  changes  and  assists  in  the 
excretion  of  waste  substances. 

In  diseases  of  the  kidney  water  is  of  great  value,  by  flushing  these 
organs,  dissolving  and  washing  the  waste  materials  of  metabolism  and 
thereby  assisting  in  the  prevention  or  cure  of  gout,  rheumatism,  gravel, 
liver  and  other  diseases. 

The  vises  of  water  are  summarized  by  Thompson  somewhat  as  follows : 

1.  It  acts  as  a  diluent  of  the  blood. 

2.  It  acts  as  a  solvent  of  waste  material. 

3.  It  promotes  metabolic  changes. 

4.  It  assists  in  the  excretion  of  waste  substances. 
6.  It  serves  as  a  distributor  of  body  heat. 

6.  It  regulates  body  temperature  through  the  physiological  process 
of  absorption  and  evaporation. 

7.  It  forms  the  chief  ingredient  of  all  the  fluids  of  the  body  and 
maintains  their  proper  degree  of  solution. 

8.  It  furnishes  in  the  blood  and  lymph  a  fluid  medium  by  which 
food  may  be  taken  to  remote  parts  of  the  body. 

9.  By  moistening  the  various  mucous  and  serous  membranes  of  the 
body  it  prevents  friction  and  the  uncomfortable  symptoms  which  would 
result  from  their  drying. 
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General  Considerations:  The  Importance  of  the  Mineral  Salts;  Mineral 
Matter  Contained  in  the  Excretions;   Mineral  Content  of  Organs. 

Utilization  of  Mineral  Substances:  Form  of  Mineral  Content  in  Body; 
Function  in  Body  as  Regulators  of  Osmosis;  The  Metabolism  of  the 
Inorganic  Salts ;  The  Various  Uses  of  the  Mineral  Salts. 

Mineral  Content  of  Foods ;  Calcium ;  Magnesium ;  Iron ;  Sodium  and  Potas- 
sium; Phosphorus;  Sulphur;  Chlorin;  lodin;  Fluorin;  Silica;  Bro- 
min;  Oxalic  Acid;  Manganese. 


GENERAL    CONSIDERATIONS 

Importance  of  Mineral  Salts. — The  human  hody  contains  about  seven 
pounds  of  mineral  matter,  of  which  five-sixths  is  in  the  bones.  It  is  obvi- 
ous from  this  that  the  mineral  ingredients  of  the  diet  are  important  as 
building  material  for  the  human  economy  and  are,  therefore,  to  be 
regarded  as  foods.  The  principal  minerals  required  in  the  food  are 
sodium,  potassium,  calcium,  magnesium,  iron,  with  phosphorus,  chlorin, 
sulphur,  and  traces  of  silica,  fluorin,  iodin  and  others. 

The  mineral  salts  are  indeed  so  necessary  for  maintaining  the  general 
metabolic  balance  of  the  body,  that  death  would  ensue  within  thirty  days 
if  the  supply  were  stopped,  even  if  all  the  other  constituents  of  a  normal 
diet  were  provided.. 

The  inorganic  salts  of  the  food  are  important  as  tissue  builders,  but 
of  no  consequence  as  sources  of  heat  or  energy  because  the  salts  in  the 
foods  enter  the  body  in  a  form  too  highly  oxidized  to  be  capable  of  yield- 
ing any  heat  to  the  body  tissues. 

The  mineral  salts  are  quite  essential  to  nerve  and  muscle  reaction, 
and  it  is  due,  directly,  to  their  action  that  a  well-balanced  osmotic  pres- 
sure is  maintained.  Their  action  favors  absorption  by  increasing  endos- 
mosis  of  the  tissues,  thereby  assisting  metabolic  processes. 
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The  metabolism  of  salts  of  the  body  plays  a  constructive  part  in  the 
physiology  of  niitrition,  and  disturbances  of  this  salt  metabolism  may  be 
the  cause  of  disease.  Indeed  Bunge  has  shown  that  the  nitrogenous  prod- 
ucts of  metabolism  cannot  be  eliminated  from  the  body  unless  mineral 
salts  are  present. 

The  normal  human  body  contains  about  200  grams  of  sodium  chlo- 
rid.  The  body  requires  daily  about  ten  grams  of  this  element  and  some- 
thing like  12  grams  is  excreted  daily  through  the  urine,  sweat,  feces 
and  tears. 

A  practical  illustration  of  the  value  of  salt  to  animal  life  is  observed 
by  the  regularity  with  which  wild  animals  travel,  sometimes  great  dis- 
tances, to  the  so-called  ^^salt  licks.''  It  is  also  interesting  to  note  that 
among  animals  the  herbivora  require  salt  in  their  food,  while  the  car- 
nivora  do  not.  Domestic  animals  will  allow  themselves  to  be  caught  for 
the  sake  of  a  handful  of  common  salt.  Whenever  a  high  tax  has  been  im- 
posed on  salt  and  its  use  restricted,  the  health  of  the  people  has  suffered. 
In  writing  on  this  subject  Bunge  says :  "Most  vegetables  are  rich  in  potas- 
sium, which  is  ultimately  eliminated  in  the  form  of  mineral  salts,  largely 
as  sulphate.  Potassium  sulphate  in  the  blood  reacts  to  some  extent  with 
sodium  chlorid,  forming  potassium  chlorid  and  sodium  sulphate,  both  of 
which  are  rapidly  eliminated  by  the  kidneys.  Hence  the  greater  the 
amount  of  potash  in  the  food,  the  greater  the  loss  of  sodium  and  chlorin 
from  the  blood,  and  the  greater  the  necessity  for  salt  to  keep  up  the  nor- 
mal sodium  chlorid  content  of  the  body." 

Bunge  also  believes  that  while  man  might  live  without  the  addition 
of  salt  to  the  food,  even  on  a  diet  largely  vegetarian,  nevertheless,  without 
salt  he  would  soon  experience  a  disinclination  to  eat  much  of  the  vege- 
tables rich  in  potassium,  such  as  potatoes,  so  that  the  use  of  salt  tends  to 
enable  us  to  utilize  a  more  varied  selection  of  the  earth's  food  products. 
Excessive  use  of  salts  probably  acts  injuriously  by  overstimulating  the 
digestive  tract,  and  may  overtax  the  organs  concerned  in  its  elimination 
and  thereby  cause  untoward  symptoms.  Under  certain  conditions  even 
small  amounts  may  be  excreted  in  such  quantity  in  the  urine  that  they 
cannot  be  held  in  suspension  and  as  a  consequence  are  deposited  in  the 
urinary  tract  and  cause  the  formation  of  concretions — "stones." 

Mineral  Matter  Contained  in  Excretions.— The  average  amounts  of  the 
various  mineral  compounds  excreted  in  the  urine,  feces  and  sweat  are 
shown  by  the  following  table  worked  out  by  Gautier  and  other  physiolo- 
gists: 
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Mineral  Matter  Contained  in  the  Urine,  Feces,  and  Sweat  op  Man  (Gau- 

TIER,   APrER  BiSCHOFF,    VoiT,    WeHSARQ,    MaGNIER,    AND   LaPICQUE) 


Water 

Saline  material 

These  salts  comprise: 

Chlorin 

Phosphoric  anhydrid  (PaOs)  (pentoxid). 

Sulphuric  anhydrid  (SO3)  (trioxid) 

Silicic  anhydrid  (SiOa)  (dioxid) 

Carbonic  anhydrid  (CO2)  (dioxid) 

Potassium  oxid  (K2O) 

Sodium  oxid  (NaaO) 

Calcium  oxid  (CaO) 

Magnesium  oxid  (MgO) 

Ferric  Oxid  (FezOa) 


Urine  of 
24  hours 

Fecal 

material  of 

24  hours 

Sweat  of 
24  hours 

Grains 

Grams 

Grams 

1220-1350 

100-119 

750-850 

17.3-22 

4.35-6 

1.6-2.4 

4.9-7.2 

0.015-0.035 

1.12 

1.6-3 

0.76-0.82 

Traces 

1.4-2.26 

0.06-0.17 

0.005 

0.003-0.004 

0.17-0.35 

0.005 

0.003-0.004 

0.05 

0.005 

1.6-3.1 

0.75-0.30 

0.178 

4.16-5.9 

0.25-0.35 

0.80 

0.24-0.36 

0.65-0.70 

Traces 

0.56-0.36 

0.65-0.70 

Traces 

0.004-0.013 

0.023-0.04 

Traces 

Mineral  Content  of  Organs. — The  following  table  shows  the  mineral  con- 
tent of  specific  organs : 

Mineral  Matter  Contained  in  the  Principal  Organs — fgr  1,000  Parts 
OF  THE  Fresh  Organs  (Gautier) 


Mineral  mat- 
ter per  1000 

grams  of 
fresh  sub- 
stance 

Muscles 

of 
Mammals 

Nervous 
Tissue 

Bone 

Liver 

In  1,000  Parts  of 
Blood 

Lymph 

Cor- 
puscles 

Plasma 

Chlorin 

P2O6 

Grams 

9-12 

0.5-0.7 

3.4-5 

2.2 

2.2 

3-3.9 

0.4-0.7 

0.9-0.18 

0.4 
0.03-0.02 
0.03-0.02 

Grams 

2-17 

0.4 
0.85-1.4 

0.14 

0.14 
0.71-2.12 
0.75-1.3 

0.03 
0.065-0.75 
0.04-0.12 
0.21-0.33 

Grams 

620-690 

0.6-0.7 

196-247 

0.20 

0.20 

0.20 

0.20 

270-500 

4-6 

4-6 

3.2-4.5 

Grams 
9  to  11 
0.25-0.42 
5.02^.27 
0.09-0.092 
0.027-0.018 
2.52-3.47 
1.45-1.13 
0.36-0.03 
0.02-0.007 
0.27-0.17 
0.27-0.17 

Grams 
6.5  to  0.0 
0.36-0.9 
0.69-0.65 
0.69-0.65 
0.69-0.65 

1.6-1.4 
0.24-0.65 
0.19-0.25 

0.07 

0.77 

0.77 

Grams 
7.1 

1.7  .1-4 
0.71-2.2 
0.71-2.2 
0.71-2.2 
0.15-0.20 
1.66-1.9 
0.06-0.08 
0.02-0.05 
0.006 
0.006 

Grama 
7.47 
3.08 
0.18 

SO3 

0.09 

Si02 

K2O 

0.09 
0.16 

NaaO 

CaO 

3.07 

ki5 

0.15 
0.50 

MgO 

Fe^Os 

CO2  ... 
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Bunge  in  his  admirable  work  has  tabulated  the  composition  of  some 
of  the  commoner  food  materials  in  respect  to  the  salt  content  which  is 
shown  in  the  following  table : 

Salt  Content  in  100  Parts  by  Weight  op  Dried  Substance  (Bunge) 

K.O  Na^O  CaO  MgO  F^Og  P^OS  CI 

Beef 1.66  0.32  0.029  0.152  0.02  1.83  0.28 

Wheat   0.62  0.06  0.065  0.24  0.026  0.94  ? 

Potatoes    2.28  0.11  0.100  0.19  0.042  0.64  0.13 

White  of  egg 1.44  1.45  0.130  0.13  0.026  0.20  1.32 

Peas 1.13  0.03  0.137  0.22  0.024  0.99  ? 

Human  milk 0.58  0.17  0.243  0.05  0.003  0.35  0.32 

Milk  of  egg .....0.27  0.17  0.380  0.06  0.040  1.90  0.35 

Cow's  milk 1.67  1.05  1.510  0.20  0.003  1.86  1.60 

We  now  understand  the  great  importance  of,  and  the  absolute  neces- 
sity for,  the  mineral  salts  in  our  foodstuffs.  We  cannot  know  how  much 
of  these  substances  is  required  for  healthy  nutrition  in  as  precise  a  man- 
ner as  we  can  calculate  the  need  for  carbon  or  for  nitrogen.  This  is  be- 
cause many  of  the  waste  mineral  matters  of  the  body  are  excreted  by  the 
intestine,  and  we  have  no  exact  means  of  calculating  just  the  proportion 
which  escapes  absorption,  and  how  much  has  been  excreted  from  the  blood 
after  playing  a  part  in  metabolism.  It  is  safe,  however,  to  assert  that  the 
amount  of  mineral  matter  in  an  ordinary,  well-balanced  diet  is  quite  suf- 
ficient for  all  the  needs  of  the  body. 

The  mineral  salts  required  daily  for  the  average  adult,  showing  a  daily 
requirement  of  about  24  grams  of  the  inorganic  salts,  and  their  combina- 
tion with  certain  acids,  are  summarized  by  Gautier  as  follows: 

Bases  Acids 

Grams  Grams 

K2O     3.22  P2O5     3.9 

NasO    7.70  SO3     2.03 

CaO    1.47  SO,    0.25 

^fgO     0.56  CI   8.50 

Fe20,     0.04  CO2    0.05 

Many,  if  not  indeed  most,  of  the  various  mineral  constituents  which 
enter  into  a  well-balanced  diet  are  in  a  state  of  organic  combination.  Thus 
we  find  calcium  and  phosphorus  organically  combined  in  milk,  iron  in 
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the  yolk  of  eggs  and  in  meat,  magnesium  in  bread,  sulphur  in  the  pro- 
tein-containing foods,  and  so  on. 

It  has  been  ascertained  from  analyses  of  hnman  milk  that  an  infant 
reqnires  about  five  grains  of  lime  daily.  The  adult,  owing  to  cessa- 
tion of  the  growth  of  the  bones,  requires  less.  Insulticient  lime  in  an  in- 
fant's diet  leads  to  softening  of  the  bones;  but  it  must  be  remembered 
that  though  an  element  of  rickets,  this  softening  is  not  really  the  root  of 
the  disease,  for  it  is  too  well  known  that  an  infant  may  suffer  from  the 
disease  even  though  there  may  be  an  actual  excess  of  lime  salts  in  the 
food.  On  the  other  hand,  in  old  age,  various  pathological  conditions  have 
been  ascribed  to  the  excessive  consumption  of  calcium  in  the  food.  It 
must  be  admitted,  however,  that  there  is  but  little  real  evidence  for  such 
views.  It  is  also  questionable  whether  the  intestine  ever  absorbs  more 
of  any  mineral  substance  than  the  tissues  actually  require,  and  even  if 
there  is  a  tendency  to  the  accumulation  of  such  substances  in  any  par- 
ticular situation,  the  fault  is  possibly  due  to  some  local  tissue  change 
rather  than  to  any  undue  increase  of  absorption. 

There  is  a  lowered  calcium  excretion  in  many  diseased  conditions, 
among  which  may  be  mentioned  pleural  effusion,  delirium  tremens  and 
pneumonia.  On  the  other  hand,  in  osteomalacia,  the  calcium  balance  is 
disturbed  and  more  is  excreted  than  is  taken  into  the  body.  In  myositis 
ossificans,  the  amount  of  calcium  excreted  in  the  urine  is  lower  than  nor- 
mal.    There  is  also  a  retention  of  lime  salts  in  arthritis  deformans. 
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Form  of  Mineral  Salts  in  the  Body. — The  mineral  constituents  of  the 
body  are  found  not  only  in  combination  with  the  organic  constituents, 
but  also  partly  in  solution — in  the  fluids  of  the  organism.  The  method 
of  determining  the  condition  of  the  mineral  constituents  of  any  substance 
consists  in  dissolving  out  the  inorganic  salts,  burning  the  organic  part 
remaining,  and  then  estimating  the  inorganic  material  in  the  ash.  In 
the  human  body,  for  instance,  the  ash  content  of  the  mineral  matter, 
including  the  bones,  which  are  rich  in  calcium,  is  about  4.3  to  4.4  per 
cent  of  the  body  weight.  The  bones,  however,  in  the  adult  contain  most 
of  this  ash  (five-sixths).  The  soft  tissues,  like  the  muscles,  constitute 
about  0.6  to  0.8  per  cent  of  the  moist  weight. 

Organic  bodies  subjected  to  high  degrees  of  heat  with  the  access  of  air, 
liberate  and  set  free  the  mineral  matter.     The  same  process  takes  place 
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when  foods  are  oxidized  in  the  tissues  of  the  body.  The  liberated  min- 
eral substances  form  new  combinations,  chiefly  inorganic  salts.  The  in- 
organic salts  formed  in  the  body  in  this  manner  are  largely  excreted  in 
the  urine  and  other  excretions,  or  they  may  be  retained  and  recombine 
with  freshly  absorbed  organic  food  materials  from  the  digestive  system. 
The  latter  view  is  upheld  by  Forster(l) ;  if  correct,  it  would  appear  that 
a  constant  supply  of  salts  in  the  food  is  unnecessary,  or,  at  any  rate,  that 
the  necessary  amount  is  small. 

According  to  Hammarsten(2),  man  needs  very  little  mineral  matter, 
and  this  in  general  is  to  be  obtained  from  the  daily  food,  since  the  latter 
usually  contains  a  greater  quantity  than  is  required  by  the  human  body. 
The  daily  excretion  of  mineral  matter  is  not  an  index  of  the  require-, 
ments  of  the  body  for  its  mineral  constituents.  Finally,  this  investigator 
holds  that  since  the  mineral  salts  are  a  part  of  the  ingested  food  they 
must  be  excreted  when  they  cease  to  be  of  use  to  the  organism.  In  the 
present  state  of  our  knowledge,  however,  these  statements  cannot  be 
accepted  without  reserve,  for  further  investigation  is  necessary  to  deter- 
mine the  definite  requirements  of  the  human  body  for  its  mineral  con- 
stituents. But  it  has  been  demonstrated  that  the  organism  cannot  exist 
on  food  that  contains  no  mineral  matter. 

Numerous  laboratory  experiments  have  been  made  upon  growing  rats 
fed  upon  artificial  diets (8).  These  have  shown  that  if  the  necessary  pro- 
teins, fats  and  carbohydrates  are  supplied,  but  the  inorganic  salts  omitted, 
the  animal  promptly  loses  weight  and  dies. 

It  is  known  at  the  present  time  that  life  cannot  be  maintained  on  foods 
deficient  in  inorganic  salts.  It  is  also  recognized  by  research  workers  that 
something  more  is  essential  for  the  maintenance,  growth  and  well-being 
of  man  than  protein,  fat  and  carbohydrate.  Unless  food  contains  suffi- 
cient mineral  matter,  no  matter  how  well  balanced  the  ration  may  be,  in 
the  ternary  food  elements,  nor  how  large  quantities  are  ingested,  nor  how 
high  the  caloric  value,  there  will  be  malnutrition.  In  Forster's  experi- 
ments, dogs  and  pigeons  fed  on  demineralized  food  died  earlier  than 
those  that  were  entirely  deprived  of  food.  In  these  animals  disturbance 
of  the  functions  of  various  organs,  especially  the  muscles  and  nerves, 
was  noted  before  death  occurred.  From  this  he  concluded  that  the 
full-grown  animal  requires  a  considerable  quantity  of  inorganic  salts. 
Bunge  also  held  to  the  theory  that  the  constant  renewal  of  the  inorganic 
portion  of  our  body  was  not  necessary,  and  that  when  the  body  once 
reached  maturity,  it  would  last  indefinitely.    Unfortunately  this  is  not  so. 

The  following  table,  taken  from  Tibbies,  graphically  shows  the  per- 
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centage  present  in  the  various  parts  and  organs  of  the  body  of  the  prin- 
cipal inorganic  salts: 

Composition  of  Ash— Percentages 


Bone 
(Heintz) 

Muscle 
(Staffel) 

Liver 
(Oidtmann) 

Spleen 
(Oidtmann) 

Sodium  chlorid 

37.58 
1.22 

1.66 
53.31 

5.47 

10.59 

2.35 

34.40 

1.99 

1.45 

48.13 

'  .81 

14.33 

25.23 

3.61 

.20 

2.74 

2.58 

50.18 
.92 

".27 

Potassium  chlorid 

Soda 

44.33 

Potash 

9.60 

Lime 

7.48 

Magnesia. . . 

49 

Ferric  oxid 

7.28 

Chlorin 

54 

Fluorin 

Phosphoric  acid      . .    . . 

27  10 

Sulphuric  acid 

2.54 

Carbonic  acid 

Silicic  acid 

17 

Composition  of  Ash — Percentages 


Brain 
(Breed) 

Blood 
(Verdell) 

Lymph 
(Dahnhardt) 

Milk 
(Wilderstein) 

Sodium  chlorid  . 

4.74 

10.69 

34.42 

.72 

1.23 

50.18 
.92 

".27 

58.81 

4.15 
11.97 
1.76 
1.12 
8.37 

10.23 
1.67 
1.19 

74.48 

10.35 

3.25 

.97 

.26 

.05 

1.09 

8.20 
.42 

10  73 

Potassium  chlorid 

26.33 

Soda  . 

Potash 

21.44 

Lime 

18  78 

Magnesia 

.87 

Ferric  oxid 

.10 

Chlorin 

Fluorin 

Phosphoric  acid 

19.00 

Sulphuric  acid 

2  64 

Carbonic  acid 

Silicic  acid 

The  ash  of  the  body  consists  of  chlorids,  phosphates,  sulphates,  carbo- 
nates, fluorids,  and  silicates  of  potassium,  sodium,  calcium,  magnesium 
and  iron;  iodin  occurs  also  in  the  thyroid  gland.  In  the  body  fluids  the 
principal  inorganic  salts  are  sodium  chlorid,  sodium  carbonate,  sodium 
phosphate,  potassium  and  calcium  chlorid  and  phosphate.  In  the  chapter 
dealing  with  organic  foodstuffs,  stress  is  laid  upon  their  value  as  sources 
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of  energy  as  well  as  their  function  in  the  repair  of  and  in  constructing 
tissue.  The  mineral  salts  are  of  importance  as  tissue  builders.  Their 
chemical  changes  taking  place  in  the  body  are  not  attended  by  any 
liberation  of  heat  or  energy — at  least,  not  of  enough  importance  to  be 
considered  here.  This  does  not  mean  that  they  do  not  exercise  important 
functions  in  the  human  economy. 

Function  of  Salts  in  the  Body. — In  studying  the  subject  of  osmosis  and 
diffusion,  we  learned  that  they  maintain  the  normal  composition  of  the 
body  fluids  by  regulating  the  osmotic  pressure,  and  so  playing  an  impor- 
tant role  in  the  control  of  the  flow  of  water  to  and  from  the  tissues.  For 
the  body  consists  largely  of  water,  which  is  an  essential  element  for  the 
removal  of  effete  products  arising  from  the  various  processes  of  metab- 
olism, cell  growth  and  disintegration. 

According  to  Howell (4)  these  inorganic  salts  constitute  an  essential 
part  of  the  composition  of  all  living  matter.  They  are  an  integral  part 
of  the  structure  of  the  living  molecule,  and  are  vitally  necessary  to  its 
normal  reactions  or  irritability.  "Even  the  proteins  of  the  body  fluids 
contain  definite  amounts  of  ash,  and  if  this  ash  is  removed,  their  proper- 
ties are  seriously  altered,  as  is  shown  by  the  fact  that  ash-free  native  pro- 
teins lose  their  property  of  coagulation  by  heat.  The  globulins  are  pre- 
cipitated from  their  solutions  when  the  salts  are  removed."  The  special 
importance  of  the  calcium  salts  in  the  curdling  of  milk  receives  attention 
in  the  section  dealing  with  this  foodstuff.  The  action  of  the  salts  of  iron 
in  the  production  of  hemoglobin  has  received  attention  elsewhere.  It  is 
an  accepted  fact  that  all  the  salts  of  the  body  possess  no  nutritive  value. 

Year  by  year  our  conception  of  the  metabolism  of  the  mineral  con- 
stituents of  the  body  broadens  and  ^'the  time  will  doubtless  come  when  the 
special  importance  of  the  potassium,  sodium,  calcium  and  magnesium' 
will  be  understood  as  well,  at  least,  as  we  now  understand  the  significance 
of  iron,  and  quite  possibly  this  knowledge  will  find  a  direct  therapeutic 
application,  just  as  in  the  case  of  iron" (5). 

According  to  the  teachings  of  Bunge  the  proteins  contain  from  0.5  to 
1.5  per  cent  of  sulphur,  which  during  metabolism  is  transformed  into  sul- 
phuric acid.  Under  normal  metabolic  conditions,  the  sulphuric  acid  aris- 
ing in  this  manner  combines  with  the  inorganic  salts  contained  in  animal 
or  vegetable  foods.  The  acid,  being  neutralized,  is  removed  from  the  body 
by  the  organs  of  excretion.  If  there  are  no  salts  or  bases  at  hand  to  neu- 
tralize the  acid  so  evolved,  it  seizes  upon  the  salts  or  bases  of  the  body 
tissues,  and,  as  has  been  picturesquely  said,  it  wrenches  from  their  places 
the  bricks  of  the  structure,  thus  bringing  about  a  catabolic  destruction  of 
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the  organism.  This  statement  may  be  met  by  a  description  of  the  pro- 
tective agency  of  the  organism  in  its  ability  to  split  off  ammonia  from 
the  nitrogenous  organic  compounds,  thus  neutralizing  the  injurious  effect 
of  free  acids.  But  this  power  has  its  limitations.  Furthermore,  it  is 
not  certain  that  ammonia  is  always  present  in  these  special  cells  from 
which  the  sulphuric  acid  originates  to  start  its  catabolic  process (6). 
Lunin  writing  on  this  subject  coincides  with  the  views  of  Bunge.  In 
a  series  of  experiments  he  fed  animals  on  practically  an  ash-free  diet, 
adding  only  enough  sodium  carbonate  to  neutralize  acidity.  They  were 
kept  viable  twice  as  lo'ig  as  the  control  animals  subsisting  on  the  same 
food,  minus  the  sodium  carbonate.  Sodium  chlorid  did  not  answer  the 
same  purpose,  nor  did  the  carbonate  of  the  same  base  indefinitely  prolong 
life,  death  eventually  resulting  from  the  want  of  the  proper  inorganic  salts 
in  the  food.  The  haphazard  addition  of  mineral  substances  to  the  ration 
will  not  satisfy  the'  system.  Animals  fed  with  normal  milk  will  live,  but 
the  same  animals  will  die  when  given  an  artificial  milk  even  though  it 
contains  the  exact  percentage  of  casein,  fat,  sugar  and  the  salts  of  milk. 
The  reason  is  not  explainable,  though  it  is  probable  that  the  mineral 
constituents  of  normal  milk  are  chemically  combined  with  its  inorganic 
constituents.  It  is  known  that  the  ions  of  inorganic  materials  enter  into 
combination  with  protein.  We  may  assume,  too,  that  at  least  some  of 
the  inorganic  constituents  of  foodstuffs  form  with  organic  substances  a 
loose  combination,  thus  influencing  the  assimilation  and  value  of  the  latter. 
Sodium  chlorid,  calcium  and  the  ferrugenous  salts  are  of  special  im- 
portance to  the  organism.  Sodium  chlorid  occupies  a  peculiar  place 
among  the  inorganic  constituents  of  our  diet,  and  according  to 
Howell (7)  it  is  the  only  one  which  we  deliberately  add  to  our  food.  The 
other  inorganic  material  is  taken  unconsciously  in  our  diet — but  although 
sodium  chlorid  exists  also  in  our  food  in  relatively  large  quantities,  we 
purposely  add  more.  Bunge  has  pointed  out  "that  among  men  and  ani- 
mals the  desire  for  salt  is  limited,  for  the  most  part,  to  those  who  partake 
largely  of  vegetable  food.  This  writer  also  calls  attention  to  the  fact 
that  in  the  use  of  a  strictly  animal  diet,  craving  for  salt  is  not  felt.  In 
the  use  of  vegetable  diet,  on  the  other  hand,  the  craving  for  salt  becomes 
so  marked  as  to  constitute  a  serious  inconvenience  when  for  any  reason 
it  cannot  be  added  to  the  diet.  It  may  be  that  this  longing  for  salt  by 
vegetarians  is  governed  by  the  high  percentage  of  potassium  salts  in  all 
vegetables,  the  potassium  salts  reacting  with  sodium  chlorid  during  the 
process  of  digestion.  For,  as  Howell  says,  potassium  sulphate  added  to 
the  blood   reacts   with   sodium   chlorid,    resulting   in    the  formation   of 
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potassium  chlorid  and  sodium  sulphate.  These  two  salts,  except  in  neg- 
ligible quantities,  being  foreign  to  the  blood,  will  be  excreted  by  the 
kidneys,  thus  the  blood  will  lose  some  of  its  sodium  chlorid (8). 

The  subject  of  salt-poor  and  salt-free  diets  is  discussed  at  length  in 
the  following  volume  of  this  work.^  It  cannot  be  doubted  but  that  we 
habitually,  under  ordinary  conditions,  use  sodium  chlorid  in  much  larger 
amounts  than  is  necessary  to  maintain  the  normal  sodium  chlorid  content 
of  the  blood.  Its  universal  use,  as  a  condiment  by  all  classes,  uncon- 
sciously leads  to  the  habit  of  using  it  in  excess  of  normal  requirements. 
The  continuous  ingestion  of  excessive  quantities  of  sodium  chlorid  will 
eventually  produce  a  condition  of  anasarca,  owing  to  the  fact  that  the 
physiological  action  of  the  salt  increases  osmotic  pressure  in  the  tissues. 
Likewise  in  conditions  of  edema  or  of  "water-logged"  conditions  the  re- 
striction of  table  salt  from  the  foods  will  give  a  contrary  result  and  aid 
in  the  restoration  of  the  parts  to  a  normal  condition,  so  far  as  the  water 
in  the  tissues  is  concerned. 

The  importance  of  the  calcium  salts  has  been  clearly  demonstrated  by 
feeding  experiments.  Howell  concludes  that  when  young  dogs  are  given 
a  diet  poor  in  calcium  salts,  they  fall  into  a  condition  closely  resembling 
rickets  in  children,  owing  to  deficient  growth  of  the  bones.  Pigeons  when 
fed  on  a  calcium-free  diet,  soon  exhibit  a  condition  of  atrophy  and  fragil- 
ity of  the  bones  due  in  all  probability  to  the  lack  of  calcium  in  the  food. 
As  in  the  case  of  other  food  materials,  there  must  be  maintained  a  calcium 
metabolism  in  the  body.  There  is  some  evidence  that  the  calcium  content 
of  the  body  increases  with  age,  as  the  bones  are  exceedingly  brittle  in  the 
aged,  and  become  more  fragile  and  more  liable  to  break  than  in  youth, 
and  furthermore,  in  advanced  life  elasticity  of  the  arteries  diminishes  as 
the  calcium  salts  are  deposited  in  their  walls. 

The  ferruginous  salts  are  constantly  necessary  for  the  production  of 
new  hemoglobin;  the  requisite  amount  is  supplied  normally  in  our  food 
in  which  they  exist  in  organic  combination.  (See  analysis  of  iron  content 
of  various  foods  in  a  subsequent  page  of  this  chapter.) 

The  uses  of  the  mineral  salts  derived  from  food  have  been  summarized 
by  Thompson  as  follows: 

1.  To  regulate  the  specific  gravity  of  the  blood  and  other  fluids  of  the 
body. 

2.  To  regulate  the  chemical  reaction  of  the  blood  and  the  various  se- 
cretions and  excretions. 


1  Volume  TT,  chapter  on  Scientific  Feeding. 
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3.  To  preserve  the  tissues  from  disorganization  and  putrefaction. 

4.  To  control  the  rate  of  absorption  by  osmosis. 

5.  To  enter  into  the  permanent  composition  of  certain  structures, 
especially  the  bones  and  teeth. 

6.  To  enable  the  blood  to  hold  certain  materials  in  solution. 

7.  To  serve  special  purposes,  such,  for  example,  as  the  influence  of 
sodium  chlorid  on  hydrochloric  acid  formation,  and  that  of  lime  salts  in 
favoring  coagulation  of  the  blood. 
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Calcium. — We  will  now  pass  on  to  the  consideration  of  the  amount 
and  kind  of  mineral  salts  met  with  in  different  articles  of  food  and  will 
first  take  up  calcium,  because  it  is  one  of  the  important  salts  of  the  body. 
The  following  table  by  Hoobler(9)  shows  the  calcium  percentage  in  the 
following  foods : 

Calcium-containing  Foods  with  Content  Estimated  as  CaO 

Fruits,  30  to  7  per  cent. — Citron,  oranges,  pineapples,  figs,  pears,  cherries,  olives. 

Berries,  14  to  8  per  cent. — Strawberries,  gooseberries,  currants,  huckleberries. 

Nuts,  9  to  8  per  cent. — Almonds,  walnuts. 

Cereals,  8  to  7  per  cent. — Oatmeal,  commeal,  wheat  flour. 

Vegetables,  27  to  5  per  cent. — Savoy  cabbage,  cauliflower,  onions,  lettuce,  radishes, 
celery,  cabbage,  endive,  spinach,  asparagus,  carrots,  kohlrabi,  turnips, 
rhubarb,  artichokes,  pumpkin,  lentils,  cucumbers,  tomatoes,  beans. 

Milk,  eggs,  cheese,  35  to  8  per  cent. — Cheese,  milk,  egg  yolks,  eggs. 

Meat  and  fish,  18  to  7  per  cent. — Oysters,  salmon,  pickerel,  pork. 

Magnesium. — We  will  next  consider  magnesium,  which  is  usually 
present  in  foodstuffs  in  about  the  same  proportion  as  calcium.  There  are, 
however,  exceptions  to  the  rule.  In  milk,  for  instance,  magnesium  is  less, 
while  in  meats  it  is  rather  more  abundant  than  calcium,  and  in  bread  there 
is  actually  five  times  as  much  of  the  former  as  the  latter.  The  following 
table  from  Hoobler  gives  the  magnesium  content  of  the  following  foods. 

Magnesium-containing  Foods  with  Content  Estimated  as  MGO 

Fruits,  8  to  5  per  cent. — Apples,  pineapples,  oranges,  figs,  pears,  citron,  cherries, 

plums. 
Berries,  6  to  5  per  cent. — Currants,  huckleberries,  gooseberries. 
Nuts,  18  to  6  per  cent. — Almonds,  walnuts,  chestnuts,  cocoanuts. 
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Vegetables,  9  to  5  per  cent. — Tomatoes,  sugar  beets,  peas,  cauliflower,  kohlrabi, 
lettuce,  spinach,  celery,  carrots,  onions. 

Cereals,  16  to  5  per  cent. — Com,  cornmeal,  wheat,  wheat  flour,  barley,  meal,  buck- 
wheat, rice,  rice  flour,  rye  flour,  oatmeal,  rolled  oats,  graham  bread. 

Meats  and  fish,  9  to  5  per  cent. — Salmon,  pork. 

Iron. — Iron,  although  one  of  the  most  widely  distributed  elements, 
occurs  in  the  uncombined  state  only  in  small  quantities,  and  as  such  is  of 
no  use  in  organic  nature.  It  occurs  in  the  earth  in  combination  with 
oxygen,  and  is  taken  up  by  plants  as  an  inorganic  oxid.  There  are  two 
forms :  ferric  oxid,  which  is  a  weak  base,  unable  to  fix  carbonic  acid ;  and 
ferrous  oxid,  a  strong  base  which  forms  neutral  salts  with  all  acids.  Iron 
is  of  extreme  value  as  a  carrier  of  oxygen,  especially  in  organic  life.  It 
is  concerned  in  the  production  of  chlorophyll;  without  it  the  plant  be- 
comes pale  and  etiolated.  As  a  part  of  vegetables  it  is  consumed  by  ani- 
mals and  utilized  in  the  construction  of  hematogens  (iron-containing  com- 
pounds of  nucleo-albumin)  and  hemoglobin  (the  oxygen  carrier  of  the 
blood). 

The  most  important  inorganic  salt  to  which  the  dietitian  needs  to  give 
special  attention  is  iron.  This  substance  is  absolutely  essential  in  the 
making  of  rich  red  blood.  In  certain  diseased  conditions  it  sometimes 
happens  that  more  iron  is  excreted  from  the  body  than  is  assimilated  from 
the  food.  This  disturbed  metabolism  is  the  result  of  some  disturbance  of 
nutrition  either  in  the  digestion,  the  absorption  or  the  assimilation;  but 
whatever  the  disturbance  is,  the  blood-making  organs  do  not  receive  the 
necessary  amount  of  iron.  The  blood  becomes  nearly  destitute  of  hemo- 
globin; the  pallor  of  the  patient  becomes  extreme,  until  it  reaches  a 
condition  of  waxy  etiolation. 

It  is  difficult  to  give  precise  figures  as  to  the  amount  of  iron  present 
in  different  articles  of  diet.  In  animal  foods  it  depends  very  largely  on 
whether  the  animal  was  bled,  or  not,  when  killed.  In  vegetable  foods  it 
varies  very  greatly  with  the  amount  of  iron  in  the  soil. 

Another  source  of  iron  is  to  be  found  in  the  chlorophyll  or  green  pig- 
ment of  plants  and  vegetables,  usually  served  in  the  menu  in  the  form  of 
greens,  as  spinach,  turnip  tops,  celery,  cabbage  and  chard.  It  is  interest- 
ing to  note  in  passing  that  the  highly  colored,  deep  red  meat  of  the  better 
cuts  of  steak  or  mutton,  or  the  breast  of  wild  game,  as  well  as  the  highly 
colored  plant  green,  owes  this  coloring  to  a  pigment  rich  in  iron.  The 
dietitian  seeks  this  pigment  to  bring  back  to  the  blanched  cheek  of  his 
anemic  patient  the  ruddy  flush  of  health,  which  is  maintained  by  a  blood 
rich  in  iron. 
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The  following  table  of  Boussinganett  showing  the  percentage  of  iron 
in  various  food  materials  is  approximately  correct; 

Iron  in  Fresh  Substances 


Blood  of  pig 0.06340 

Blood  of  ox 0.03750 

Oats   0.01310 

Lentils   0.00830 

Haricots 0.00740 

Egg 0.00570 

Beef  0.00480 

Wheaten  bread 0.00480 

Spinach   0.00450 


Maize  0.00360 

Veal    0.00270 

Apples    0.00200 

White  fish 0.00150 

Potatoes   0.00150 

Milk    0.00180 

Rice 0.00150 

Carrots  0.00090 

Burgundy 0.00190 


Cabbage  0.00390     Beer 


0.00040 


Bunge  gives  the  following  order  of  foods  containing  iron,  the  ash  of 
spinach  containing  most,  and  milk  least:  spinach,  0.045;  yolk  of  egg, 
0.04;  beef,  0.02;  apples,  0.02;  lentils,  strawberries,  white  beans,  peas, 
0.024;  egg-white,  0.026;  wheat,  0.026;  potato,  milk,  0.003  per  cent. 
Stockmann  estimates  that  the  average  adult  diet  contains  10  milligrams  of 
iron  per  diem.  One  pint  of  milk  contains  2.2  milligrams  of  iron;  100 
grams  of  oatmeal  contain  3.1  milligrams  of  iron;  300  grams  of  fine  bread 
contain  1.8  milligrams  of  iron;  280  grams  of  common  bread  contain  1.1 
milligrams  of  iron,  and  120  grams  of  beefsteak  contain  4.7  milligrams  of 
iron. 

Among  animal  foods,  therefore,  there  is  most  iron  in  heef  and  yolk  of 
egg,  and  least  in  milk.  Oatmeal  and  lentils  are  the  vegetables  which  con- 
tain most  iron ;  but  spinach,  strawberries,  white  beans,  peas,  potatoes  and 
apples  contain  a  good  deal.  Food  is  the  chief  and  only  natural  source 
of  iron  in  the  animal  world.  It  should  be  noted  here  that  iron  contained 
in  hemoglobin  and  its  derivatives  is  very  sparingly  absorbed.  It  is  all  the 
more  necessary  to  point  this  out  as  hemoglobin  preparations  are  being 
advocated  in  the  treatment  of  anemia. 

It  is  possible  that  the  habitual  consumption  of  foods  which  are  poor  in 
iron  may  eventually  lead  to  anemia,  though  it  is  difficult  to  conceive  a  diet 
that  would  not  contain  the  small  amount  of  this  element  required  daily. 
Verdell  and  Subbotin  declare,  however,  that  the  ash  of  the  blood  of  dogs 
fed  on  meat  contained  much  more  iron  than  that  of  animals  nourished  on 
bread.     Hoesslein  has  shown  that  if  young  animals  receive  only  as  much 
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iron  as  adults  they  become  anemic.     The  table  from  Hoobler  gives  the 
percentage  of  iron  contained  in  the  following  foods: 

Iron-containing  Foods  with  Content  Estimated  as  FegOg 

Fruits,  2  to  1  per  cent. — Figs,  pineapples,  apples,  pears,  plums. 

Berries,  5  to  1  per  cent. — Strawberries,  gooseberries,  huckleberries. 

Nuts,  1.8  to  1.3  per  cent. — Cocoanuts,  walnuts. 

Cereals,  2  to  1  per  cent. — Rye,  flour,  barley  meal,  barley  flour,  rice,  buckwheat 
flour,  cornmeal,  corn  flour,  rice  flour,  wheat,  wheat  flour,  graham  flour. 

Vegetables,  5.3  to  1  per  cent. — Lettuce,  onions,  asparagus,  spinach,  endive,  kohl- 
rabi, pumpkins,  artichokes,  tomatoes,  lentils,  black  radishes,  celery,  rhubarb, 
potatoes,  mushrooms,  beets. 

Bulletin  No.  185,  Experiment  Station,  United  States  Department  of 
Agriculture,  shows  the  amount  of  iron  contained  in  the  following  foods: 
Proportion  of  Iron  in  Food  Materials 


Food  material 


Meats 

Fish  and  shellfish 

Eggs,  edible  portion 

Milk 

Cream , 

Cheese 

Corn  meal 

Oatmeal  and  other  breakfast 
cereals 

Rice 

Wheat  breakfast  food  used  in 
dietary  study  No.  486 

Wheat  flour,  crackers,  and  mac- 
aroni  

Bread 

Whole-wheat  flour 

Whole-wheat  bread 

Green  vegetables  (asparagus, 
cabbage,  celery,  collards, 
greens,  lettuce,  onions,  rhu- 
barb)   

Roots  (beets,  carrots,  parsnips, 
radishes,  sweet  potatoes,  tur- 
nips)   

Pumpkins 

Squash : 

Beans,  string 

Beans,  Lima,  dried 

Beans,  pea,  dried 


Per  cent 
of  iron 


(1) 

(1) 
0.0030 
.0024 
.0002 
.0015 
.00115 

.0036 
.0008 

.0057 

.0015 
.0010 
.0020 
.0013 


.0008 


.006 

.0006 

.0006 

.0016 

.0072 

.0067 


Food  material 


Corn,  canned 

Corn,  dried 

Cucumbers,  as  purchased. .  . . 

Peas,  fresh 

Peas,  dried 

Peas,  canned 

Potatoes,  as  purchased 

Potatoes,  edible  portion 

Spinach 

Tomatoes,  fresh  or  canned. .  . 

Vegetable    soup,    canned,    con- 
densed  

Apples,  fresh 

Apples,  evaporated 

Bananas,  edible  portion 

Bananas,  as  purchased 

Grapes 

Lemons,  as  purchased 

Oranges  and  lemons,  edible  por- 
tion  

Prunes,  edible  portion 

Prunes,  as  purchased 

Raisins 

Strawberries 

Canned    and    preserved    fruit 
jellies,  jam 

Peanuts 

Chocolate 


Per  cent 
of  iron 


0.0007 
.0029 
.0001 
.0015 
.0056 
.0008 
.0010 
.00125 
.0030 
.0004 

.0005 
.0003 
.0014 
.0008 
.0005 
.0013 
.0001 

.0002 
.0029 
.0025 
.0036 
.0009 

.0003 
.0020 
.0020 


iln  meats  0.015  gram  iron  per  100  grams  protein,  and  in  fish  and  shellfish  0.005 
gram  iron  per  100  grams  protein. 


MINERAL    CONTENT    IN    FOODS  269 

Milligrams  of  Iron  in  100  Grams  of  Dried  Substance  (Bunge) 


Blood  serum 

White  of  hen's  eggs 

Rice 

Pearl  barley 

Wheat  flour  (sifted) 

Cows'  milk 

Human  milk 

Dogs'  milk 

Figs 

Raspberries 

Hazel-nut  kernels 

Barley 

Cabbage  (inside  yellow  leaves) 

Rye 

Peeled  almonds 

Wheat. 

Bilberries 

Potato(>s 

Peas 


0 
Trace 
1.0-20 
1.4-1.5 

1.6 

2.3 
2.3-3.1 

3.2 

3.7 

3.9 

4.3 

4.5 

4.5 

4.9 

4.9 

5.5 

5.7 

6.4 
6.2-6.6 


Black  cherries,  without  stones 

White  beans 

(varrots 

Wheat  bran 

Strawberries 

Linseed 

Unpeeled  almonds 

Red  cherries,  without  stones . 
Brown  skinned  hazel  nuts — 

Apples 

Dandelion  leaves 

Cabbage  (outer  green  leaves). 

Beef 

Asparagus 

Yolk  of  egg 

Spinach 

Pigs'  blood 

Hematogen 

Hemaglobin 


7.2 
8.3 
8.6 
8.8 
8.6-9.3 
9.5 
9.5 
10 
13 
13 
14 
17 
17 
20 
10-24 
33-39 
226 
290 
340 


Sodium  and  Potassium. — The  sodium  and  potassium  salts  will  be  con- 
sidered together.  The  former  is  required  in  the  body  for  the  proper  con- 
stitution of  its  fluids,  the  latter  for  the  construction  of  cells,  especially  of 
the  red  blood  cells  and  the  muscles.  In  fact  young  animals  deprived  of 
potassium  do  not  develop  good  muscles. 

The  vegetable  group  is  richest  in  potassium;  animal  foods  contain  a 
larger  amount  of  the  sodium.  Bunge  gives  the  following  table  of  propor- 
tions : 

To  one  equivalent  of  sodium  there  is :  in  yolk  of  egg,  1  equivalent  of 
potassium;  in  milk,  0.8  to  6  equivalents  of  potassium;  in  veal,  4  equiva- 
lents of  potassium;  in  wheat,  12  to  24  equivalents  of  potassium;  in  pota- 
toes, 31  to  42  equivalents  of  potassium;  in  peas,  44  to  50  equivalents  of 
potassium. 

Early  physiologists  and  clinicians  taught  that  a  deficiency  of  potash 
salts  was  the  main  cause  of  scurvy.  This  is  now  discredited.  However, 
potash  is  useful  not  alone  for  its  action  as  an  element,  but  for  the  vege- 
table acids  with  which  it  is  combined,  and  which,  by  oxidation,  assist  in 
maintaining  a  proper  degree  of  alkalinity  of  the  blood.  Green  vegetables 
and  wholesome  fruits  are  a  valuable  source  of  these  salts. 

Sodium  is  taken  chiefly  in  the  form  of  sodium  chlorid,  common  table 
salt.  The  amount  of  sodium  chlorid  contained  in  natural  form  in  ordi- 
nary foods  is  quite  suflicient  for  health.  On  the  other  hand  there  is  no 
proof  that  an  extra  addition  of  salt  in  the  form  of  a  condiment  is  in  any 
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way  injurious.  We  do  not  yet  know  whether  the  addition  of  salt  to  food 
is  of  benefit  or  not. 

If  sodium  chlorid  be  entirely  eliminated  from  the  diet,  the  secretion 
of  hydrochloric  acid  is  lessened,  or  even  arrested.  Upon  this  basis  it  has 
been  proposed  to  limit  the  use  of  salt  in  hyperacidity,  and  hyperchlor- 
hydria  of  the  stomach.  Concerning  the  action  of  salt  upon  the  general 
processes  of  nutrition  of  thie  body,  the  latest  and  most  conclusive  experi- 
ments of  Straub  show  that  any  action  salt  may  have  is  in  the  direction 
of  lessening  nitrogenous  waste,  provided  enough  water  is  supplied  at  the 
same  time. 

The  craving  for  salt  as  an  addition  to  the  diet  is  strongest  among 
vegetarians,  which  is  ingeniously  explained  on  the  lines  that  the  larger 
proportion  of  potassium  in  vegetable  food  would  tend  to  drive  all  the 
sodium  out  of  the  body  where  the  latter  was  not  constantly  reinforced  by 
addition  of  salt  to  the  food. 

The  following  tables  from  Hoobler  give  the  percentage  content  of 
sodium  and  pot-assium  found  in  various  foods: 

Sodium-containing  Foods  with  Content  Estimated  as  NagO 

Fruits,  26  to  7  per  cent. — Apples,  oranges,  apricots,  pineapples,  pears,  olives. 

Berries,  28  to  9  per  cent. — Strawberries,  gooseberries. 

Cereals,  40  to  14  per  cent. — Macaroni,  barley,  flour,  brown  bread,  white  bread, 
graham  bread. 

Vegetables,  48  to  7  per  cent. — Blood  beets,  spinach,  carrots,  pumpkin,  radishes, 
asparagus,  tomatoes,  lentils,  endive,  cauliflower,  turnips,  sugar  beets,  arti- 
chokes, lettuce.  Savoy  cabbage. 

Milk,  eggs,  cheese,  31  to  8  per  cent. — Egg  whites,  eggs,  milk. 

Meats  and  fish,  30  to  8  per  cent. — Oysters,  pickerel,  salmon. 

Potassium-containing  Foods  with  Content  Estimated  as  KgO 

Fruits,  81  to  35  per  cent. — Olives,  plums,  apricots,  figs,  pears,  cherries,  pineapples, 
citron,  oranges,  apples. 

Berries,  57  to  21  per  cent. — Huckleberries,  currants,  gooseberries,  strawberries. 

Nuts,  56  to  28  per  cent. — Chestnuts,  cocoanuts,  walnuts,  almonds. 

Cereals,  38  to  14  per  cent. — Rye  flour,  wheat  flour,  cracked  wheat,  rolled  oats, 
commeal,  cornmeal  flour,  hominy,  barley  flour,  barley  meal,  oatmeal,  buck- 
wheat flour,  oatmeal  flour,  rice  flour,  graham  bread. 

Vegetables,  60  to  16  per  cent. — Potatoes,  rhubarb,  cucumbers,  mushrooms,  cabbage, 
turnips,  celery,  beans,  peas,  tomatoes,  endive,  lettuce,  carrots,  kohlrabi, 
lentils,  radishes.  Savoy  cabbage,  onions,  artichokes,  asparagus,  cauliflower, 
pumpkins,  blood  beets,  spinach. 

Milk,  eggs,  cheese,  31  to  13  per  cent. — Egg  whites,  milk,  eggs,  cheese. 

Meats  and  fish,  48  to  24  per  cent. — Beef,  pork,  veal,  salmon,  pickerel. 
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Phosphorus. — This  element  is  present  in  large  quantities  in  the  human 
body.  Voit  concludes  that  a  man  weighing  154  pounds  should  have  1,400 
grams  in  the  bones,  180  grams  in  the  muscles,  and  12  grams  in  the  brain 
and  nerves.  Phosphorus  is  also  present  in  the  body  fluids,  and  enters  into 
the  composition  of  all  cell  nuclei.  One  would  naturally  expect,  therefore, 
that  wherever  growth  is  active,  much  phosphorus  is  required  in  the  food, 
and  it  is  not  surprising  to  find  that  the  development  of  young  animals 
which  are  deprived  of  it  is  seriously  impaired.  Hence  the  great  impor- 
tance of  furnishing  a  plentiful  supply  of  foods  containing  phosphorus  in 
the  dietary  of  the  growing  child. 

Organic  phosphorus  is  present  in  all  the  cellular  elements  of  food — 
in  the  yolk  of  egg^  sweetbread,  fish  roe  and  in  the  germ  of  cereals  and 
legumes.  The  amount  of  phosphorus  in  various  foods,  reckoned  as  phos- 
phoric acid,  is  shown  in  the  following  tables (10)  : 

Per  Cent  of  PgO^  in  Fresh  Foods 

Animal  Vegetable 

Pork    0.160  Carrot    0.036 

Milk    0.220  Turnip 0.058 

Beef   0.285  Cabbage   0.089 

Effffs 0.337  Potato    0.140 


'o& 


White  cheese 0.374      Chestnuts  0.200 

Mutton   0.425      Barley    0.230 

Gruyere  cheese 1.350      Haricot  beans    0.924 

Per  Cent  of  P2O5  in  Water-free  Substance 

Wheat  flour 0.357 

Haricot   flour    1.077 

Camembert  cheese   1.102 

Brie  cheese    1 .272 

Cabbage    1.625 

Lean  beef  ..  •. 1.894 

Gruyere  cheese   2.475 

Yolk  of  egg 2.843 

The  phosphorus  contained  in  foods  is,  for  the  most  part,  present  in  an 
organic  form  of  combination,  sometimes  of  a  very  complex  sort.  It  is  also 
present  in  inorganic  form  as  phosphates  of  the  alkalies  or  alkaline  earths, 
in  the  form  of  organic  derivatives  of  phosphoric  acid  and  phosphates,  etc., 
and  in  the  form  of  phosphorized  proteins,  as  nucleo-albumins,  etc.  The 
organic  forms  are  more  valuable,  since  they  contribute  to  the  growth  and 
repair  of  tissues.  Examples  of  these  are  the  chemical  substances  nuclein, 
lecithin,  glycerophosphoric  acid,  and  phosphocarnic  acid,  all  of  which  are 
probably  valuable  dietetic  sources  of  the  element. 
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The  following  table  from  Hoobler  gives  the  percentage  of  phosphorus 
contained  in  the  following  foods : 

Phosphorus-containing  Foods  with  Content  Estimated  as  PgOg 

Fruits,  15  to  12  per  cent. — Pears,  apples,  citron,  cherries,  plums,  apricots,  oranges, 
figs. 

Berries,  20  to  13  per  cent. — Gooseberries,  currants,  huckleberries,  strawberries. 

Nuts,  43  to  18  per  cent. — Almonds,  cocoanuts,  chestnuts. 

Cereals,  54  to  17  per  cent. — Rice  flour,  rice,  wheat  flour,  buckwheat  flour,  oat- 
meal, oatmeal  flour,  barley  meal,  barley  flour,  rye  flour,  cornmeal,  cornmeal 
flour,  rolled  oats,  pearl  barley,  macaroni,  brown  bread,  white  bread. 

Vegetables,  41  to  10  per  cent. — Black  radishes,  artichokes,  beans,  peas,  lentils, 
pumpkins,  kohlrabi,  cauliflower,  asparagus,  potato,  cabbage,  Savoy  cabbage, 
mushrooms,  onions,  rhubarb,  cucumbers,  turnips,  celery,  carrots,  sugar 
beets,  radishes,  spinach. 

Milk,  eggs,  cheese,  65  to  26  per  cent. — Egg  yolk,  eggs,  cheese,  milk. 

Meats  and  fish,  48  to  20  per  cent. — Veal,  pickerel,  pork,  beef,  oysters,  salmon. 

Sulphur. — Sulphur  is  present  in  the  food  almost  entirely  in  a  state 
of  organic  combination,  chiefly  in  proteins.  The  amount  present  in  dif- 
ferent proteins  varies  considerably  as  shown  in  the  following  tabular 
analysis  of  dry  proteins  (11)  : 

Per  cent  Sulphur 

In  dried  egg  white    1.80  per  cent 

In  syntonin 1.80  per  cent 

In  albumin  of  wheat 1.55  per  cent 

In  albumin  of  peas 0.40  per  cent 

In  gluten    O.YO  per  cent 

Four-fifths  of  the  sulphur  taken  into  the  body  is  oxidized  and  excreted 
in  the  urine,  either  as  sulphates  or  phenol  sulphates;  the  remainder  en- 
ters into  compounds  of  more  complex  composition.  About  one  gram  of 
sulphur  is  excreted  daily  by  a  healthy  adult. 

Physiologists  can  tell  us  nothing  of  the  advantages  or  otherwise  of  an 
increase  or  diminution  of  sulphur  in  the  food.  The  table  below  from 
Hoobler  contains  the  percentages  of  sulphur  in  the  following  list  of  food- 
stuffs: 

Sulphur-containing  Foods  with  Content  Estimated  as  SO, 
Fruits,  6  per  cent.— Apples,  pears. 
Berries,  6  per  cent. — Gooseberries. 

Cereals,  14  to  13  per  cent.— White  bread,  brown  bread. 
Vegetables,  30  to  5  per  cent.— Black  radishes,  mushrooms,  cauliflower,  turnips, 

kohlrabi,  cabbage,  spinach,  carrots,  cucumbers,  potatoes,  asparagus,  onions, 

celery,  endive,  artichokes. 
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Chlorin  is  taken  into  the  system  almost  entirely  in  the  form  of  sodium 
chlorid  or  common  salt.  Except  an  a  source  of  hydrochloric  acid,  but  lit- 
tle is  known  of  its  uses  in  the  body.  The  behavior  of  the  chlorids  in  some 
acute  fevers  would  suggest  that  they  may  perform  some  special  rule  in 
metabolism.  The  following  table  from  Hoobler  gives  the  chlorin  per- 
centage in  the  list  of  foods  enumerated  below : 

Chlorin-containing  Foods  with  Content  Estimated  as  CI 

Fruits,  10  per  cent. — Pineapples. 

Nuts,  14  per  cent. — Cocoanuts. 

Cereals,  30  to  5  per  cent. — White  bread,  brown  bread,  macaroni,  oatmeal. 

Vegetables,  16  to  5  per  cent. — Celery,  potatoes,  cucumbers,  radishes,  Savoy  cab- 
bage, lettuce,  asparagus,  tomatoes,  cabbage,  spinach,  beets,  rhubarb,  turnips, 
kohlrabi,  carrots. 

Milk,  eggs,  clieese,  28  to  7  per  cent. — Egg  whites,  milk,  eggs,  cheese. 

Meats  and  fish,  21  to  5  per  cent. — Salmon,  oysters,  pickerel. 

lodin. — lodin  is  present  in  small  quantities  in  fish.  In  the  human 
being  it  is  found  in  the  thyroid  gland.  The  significance  of  its  presence 
in  food  is  quite  obscure,  though  it  may  prove  to  be  of  utility  to  the  dietary. 
Gautier  gives  the  following  tables  showing  the  iodin  content  of  various 

foods : 

Iodin  per  Kilogram  op  Fresh  Material 

Green  beans 0.32        Green  peas 0.80 

Bananas   0.31        Tomatoes 0.23 

Asparagus  0.24        Grapes 0.02-00 

Garlic  0.21        Artichokes    0.017 

White  cabbage  0.21        Pears  0.017 

Mushrooms    0.172      White  dried  beans 0.014 

Strawberries   0.17        Lettuce   0.012 

Rice 0.17       Potatoes   0.01 

Carrots  0.134      Oatmeal    0.009 

Sorrel   0.12        Wheat  flour 0.007 

Leeks '. 0.12       Bread    0.000 

Iodin  per  Kilogram  in  Some  Animal  Foods 

Gray  shrimp 5.91     Breme  1.25 

Crabs    182      Fresh  cod 1.32 

Lobster  1-78      Archovies 0.95 

Smoked  herring 1.57      Tunny,  fresh 0.88 

Fresh  salmon   1.40      Eel    0.80 

Roach    1.38      Whiting  0.31 

Oysters  1.32      Trout    0.08 
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Fluorin  and  Silica. — Fluorin  and  silica  are  present  in  the  body  in 
small  quantities,  chiefly  in  the  teeth,  and  bones.  Vegetable  foods,  and 
especially  the  cereals,  are  their  most  abundant  source  in  the  diet. 

Bromin. — Bromin  is  present  in  the  nuclear  proteins,  and  is  excreted 
in  the  sweat.  Foods  containing  iodin  also  have  this  element  in  combina- 
tion.    Fluorin  is  present  in  drinking  water. 

Oxalic  Acid. — While  not  strictly  speaking  a  mineral  substance,  oxalic 
acid  may  be  conveniently  considered  here,  for  it  is  usually  present  in  the 
diet  in  the  form  of  oxalate  of  lime.  Esbach  gives  the  following  table  of 
the  amount  of  oxalic  acid  in  different  articles  of  food ; 

Per  1,000 

Black  tea  infused  5  minutes 2.060 

Cocoa-powder   3.520  to  4.500 

Pepper    3.250 

Coffee   0.127 

Parsley 0.006 

Haricots    0.312 

Common  beans    0.158 

Potatoes    0.046 

Good  bread 0.047 

Crust     0.130 

Crumb     0.120 

Buckwheat  flour 0.171 

Barley  meal 0.039 

Maize  flour 0.033 

Sorrel    2.740  to  3.630 

Spinach     1.910  to  3.270 

Ehubarb   2.466 

Brussels  sprouts 0.020 

Cauliflower     0.003 

Beetroot    0.390 

French  beans   0.060  to  0.212 

Salsifies    0.070 

Tomatoes    0.002  to  0.052 

Carrots   0.027 

Chicory     0.103 

Endive    0.017 

Lettuce   0.016 

Dried  figs 0.270 


MINERAL    CONTENT    IN    FOODS  275 

Per  1,000 

Currants   0.130 

Prunes    0.120 

Gooseberries   0.070 

Plums 0.070 

Raspberries     0.062 

Oranges     0.030 

Lemons   0.030 

Cherries    0.025 

Strawberries     0.012 

It  will  be  observed  from  study  of  this  table  that  oxalic  acid  occurs  in 
relatively  large  amounts  in  tea,  coffee,  spinach,  rhubarb,  sorrel  and  pep- 
per. Tomatoes  are  sometimes  claimed  to  be  rich  in  it,  but  it  would  appear 
that  this  is  an  error,  since  the  sour  taste  is  due  to  citric  acid.  A  diet  of 
animal  foods  diminishes  oxalic  acid,  owing  to  its  low  content  in  ani- 
mal foods.  There  seems  to  be  little  doubt  but  that  the  consumption  of 
foods  rich  in  oxalic  acid  may  be  the  cause  of  oxalate  calculi. 

Manganese. — Manganese  is  found  in  the  body  in  minute  quantities, 
and  small  amounts  are  detected  in  some  food  materials.  The  ash  of  le- 
gumes, asparagus,  cauliflower,  lettuce,  grapes  and  various  grains  contain 
varying  amounts  of  this  element. 

Generally  speaking,  fruits  and  nuts  contain  the  least  quantity  of  salts, 
meats  rank  next,  after  them  vegetables,  and  pulses  and  cereals  contain 
most  of  alL 
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Blessed  art  thou,  0  land,  when  thy  King  is  the  son  of  Nobles,  and  thy  Princes 
mt  m  due  season,  for  strength,  and  not  for  drunkenness. — Ecclesiastes  x,  16-17. 
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MEATS 

Importance  of  Meat. — Meat  is  one  of  the  most  important  foods,  and 
aifords,  in  general,  more  concentrated  and  readily  available  nourishment 
than  vegetable  substances,  and  is  the  chief  source  of  our  protein  supply. 
Fats,  carbohydrates,  water  and  mineral  salts  are  other  constituents  of 
various  meats.  This  class  of  food  is  easily  digested,  either  cooked  or  in 
the  raw  state,  after  thorough  mastication.  Meat  mixes  readily  with  all 
other  foods  and  leaves  but  a  small  residue  in  the  intestinal  canal. 

COMPOSITION  OF  MEAT.— On  close  inspection,  a  piece  of  boiled  meat 
will  be  found  to  be  made  up  of  bands  of  muscle  fibers  held  together  by 
connective  tissue.  These  muscle  fibers  may  be  short,  as  in  the  breast  of 
a  chicken,  or  they  may  be  much  longer,  as  in  the  leg  of  a  crab;  the 
shorter  they  are,  the  more  tender  and  easily  digested  the  meat  is.  Meat 
should  always  be  canned  at  right  angles  to  the  long  axis  of  the  fibers.  It 
is  then  masticated  with  greater  ease.  The  contents  of  the  muscle  fibers 
are  more  readily  brought  into  contact  with  the  grinding  surface  of  the 
molars,  the  taste  and  flavor  are  increased  and  the  digestive  juices  stimu- 
lated, facilitating  the  process  of  digestion. 
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Fat. — The  walls  of  the  muscle  fibers  consist  of  an  albuminoid  sub- 
stance, elastin,  while  the  connective  tissue  which  holds  them  together  is 
composed  chiefly  of  a  material  called  "collagen,"  which  yields  gelatin  on 
boiling.  Imbedded  in  the  connective  tissue  between  the  fibers  is  a  va- 
riable amount  of  fat.  It  is  almost  entirely  absent  in  most  kinds  of  game 
and  in  the  breast  of  chicken.  On  the  other  hand,  in  pork  and  fattened 
mutton,  in  swimming  birds  (such  as  the  duck  and  goose,  which  require 
a  large  store  of  fat  both  to  lighten  the  body  as  well  as  a  source  of  animal 
heat),  the  amount  of  fat  may  be  large.  A  large  amount  of  fat  tends  to 
diminish  the  digestibility  of  meat;  apparently  the  fat  forms  a  kind  of 
waterproof  coating  around  the  muscle  fibers,  hindering  their  rapid  dis- 
integration in  the  gastric  juice. 

Under  ordinary  conditions  meat  contains  muscle  tissue,  connective 
tissue,  blood  vessels,  nerves  and  lymphatics,  together  with  a  varying 
amount  of  fat.  The  greater  the  amount  of  fat  there  is  in  the  meat,  the 
less  water  and  nitrogenous  matter  does  it  contain,  and  vice  versa. 

Muscle  Tissue. — As  we  have  already  learned,  muscle  tissue  is  made 
up  of  minute  thread-like  cells  that  lie  side  by  side  and  are  so  small  that 
the  individual  cells  may  be  seen  only  by  the  microscope.  In  the  living 
animals  the  contents  of  these  muscle  cells  are  soft  and  tender.  After 
death  a  change  takes  place  in  the  muscle  substance,  which  causes  it  to 
become  rigid.  This  hardening  of  the  muscle  is  known  as  rigor  mortis, 
or  death  stiffening.  It  is  due  to  myosin,  which  has  the  property  of  clot- 
ting after  death.  Meat  in  this  condition  is  tough.  If  tenderness  is  de- 
sired the  meat  should  be  immediately  cooked  after  the  animal  is  killed, 
before  this  condition  of  rigor  mortis  has  had  time  to  set  in.  If,  how- 
ever, the  animal  is  allowed  to  hang  for  a  time,  this  rigor  passes  off.  Its 
disappearance  is  due  to  a  resolution  of  the  myosin  by  the  development  of 
sarcolactic  acid  and  acid  phosphates  in  the  tissues,  as  well  as  to  a  partial 
digestion  of  it  by  traces  of  pepsin,  which  all  muscle  fiber  contains.  This 
process  must  be  regarded,  however,  as  an  early  stage  of  putrefaction,  and, 
as  is  well  known,  if  meat  is  allowed  to  hang  for  some  time  it  becomes 
high. 

Acids. — The  acids  which  develop  in  meat  after  the  disappearance 
of  rigor  mortis  aid  the  gelatinization  (which  occurs  in  boiling)  of  the 
connective  tissue,  and  also  improve  its  flavor  by  changing  the  rather  in- 
sipid taste,  which  characterizes  very  fresh  meat,  to  one  more  palatable. 
Animals  which  have  undergone  very  great  muscular  exercise  immediately 
before  killing  develop  a  considerable  quantity  of  these  acids,  hence  the 
flesh  of  hunted  animals  is  of  a  superior  flavor.     Another  means  of  pro- 
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ducing  these  effects  artificially  is  by  soaking  the  meat  in  vinegar  and 
water  for  a  short  time.  This  improves  the  flavor  of  fresh  meat,  as  well 
as  its  tenderness.  It  is  on  this  same  theory  that  the  use  of  vinegar  favors 
the  digestibility  of  the  hard  muscles  of  the  crab  and  lobster. 

Muscle  Juice. — The  contents  of  the  microscopic  muscle  fibers  con- 
sist of  water,  holding  in  solution,  proteins,  salts  and  substances  known  as 
vieat  extractives^  the  whole  constituting  muscle  juice.  The  younger  the 
animal  the  more  water  does  its  flesh  contain,  and  likewise  the  lower  its 
nutritive  value.  This  is  explained  by  the  saying  that  '^calf  meat  is  half 
meat." 

Mineral  Substances. — We  learned  when  studying  mineral  salts  that 
the  red  coloring  matter  of  the  meat  was  due  to  the  presence  of  hemo- 
globin, which  varies  greatly  in  different  kinds  of  meat.  Its  greatest  im- 
portance is  that  it  contains  iron.  In  the  small  blood  vessels  of  animals 
which  have  bled  to  death,  hemoglobin  may  be  found  much  diminished  in 
amount  or  altogether  removed. 

The  chief  mineral  substances  found  in  the  juice  of  meat  are  phos- 
phoric acid  and  potash.  Meat  is  one  of  the  principal  sources  of  these 
valuable  building  materials  in  the  diet.  Wlien  these  are  not  supplied  in 
sufficient  amount,  the  muscles  become  flabby  and  poorly  developed. 

Accessory  Substances — Vitamines. — Besides  protein,  fat  and  min- 
eral substances,  fresh  meat  contains  certain  accessory  substances  which 
are  of  importance  to  the  animal  organism.  Cured  and  dried  meats  are 
deficient  in  these  substances.  Casimir  Funk  described  them  first  and 
gave  them  the  name  vitamines.  The  leading  investigators  are  of  the 
opinion  that  meat  vitamines  are  contained  in  the  plasma  or  muscle  juice, 
and  that  they  form  the  preventative  and  curative  agents  in  raw  meat  and 
raw  meat  juice.  Xo  doubt  the  efficacy  of  raw  meat  juice  as  a  curative 
agent  in  tuberculosis  lies  in  the  vitamines  of  the  muscle  plasma.  This 
curative  property  is  not  due  to  proteins,  for  it  has  been  shown  that  mus- 
cle plasma  contains  very  little  nitrogen.  Whatever  the  organic  princi- 
ple may  be,  it  is  destroyed  by  prolonged  cooking,  for  neither  cooked  meat 
nor  cooked  meat  juice  possesses  the  therapeutical  effects  of  raw  meat  juice. 
The  destruction  of  vitamines  by  heat  depends  on  the  height  of  the  tem- 
perature to  which  the  meat  is  subjected.  It  is  generally  believed  that  a 
temperature  of  120°  C.  destroys  vitamines,  but  at  this  temperature  the 
interior  of  a  cut  of  meat  weighing  5  or  6  pounds  never  reaches  more 
than  60°  C.  during  ordinary  cooking.  The  vitamines  contained  in  the 
meat  juice  of  fresh  meat  are  a  protection  ag^iiist  scurvy  and  beri-beri. 
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Grijns(l)  was  an  early  worker  in  this  field,  and  his  conclusions  are  that 
the  vitamines  of  meat  are  destroyed  when  heated  to  120°  C.  It  was  due 
to  his  research  that  the  deficiency  theory  of  beri-beri  was  adopted.  He 
believes  that  the  disease  breaks  out  when  this  substance,  necessary  for  the 
metabolism  of  the  nervous  system,  is  lacking  in  the  food.  Grijns  avers  the 
condition  frequently  alluded  to  as  nitrogen  starvation  may  exist  even  when 
the  vitamines  are  abundant,  and  has  no  relation  whatever  to  the  condi- 
tion that  Funk  refers  to  as  deficiency  diseases.  Yet  individuals  in  a 
condition  of  nitrogen  starvation  are  likely  to  suffer  from  deficiency  of 
vitamines  and  therefore  furnish  a  large  percentage  of  cases  of  scurvy, 
beri-beri  and  pellagra.  They  are  cured  by  any  food  containing  vitamines. 
Their  nitrogen  defect  is  not  relieved  unless  proteins  are  also  adminis- 
tered. It  is  believed  that  a  diet  defective  in  vitamines  weakens  our  ac- 
quired immunity  to  tuberculosis  and  that  the  rich  diet  prescribed  of  late 
years  cures  by  reason  of  the  excess  of  vitamines,  rather  than  solely  by 
the  nitrogen  administered. 

Extractives. — The  principal  substances  contained  in  a  solution  of 
meat  juice  are  the  extractives.  They  are  so  called  because  they  may  be 
extracted  from  meat  by  boiling  it  in  water.  We  shall  have  much  to  learn 
about  these  extractives  later  on,  but  it  may  be  stated  here  that  their  exact 
chemical  nature  is  not  definitely  known,  neither  have  they  any  nutritive 
value.  They  are  of  importance  only  because  they  give  the  agreeable  and 
characteristic  taste  to  meat.  Meat  from  which  these  extractives  have  been 
removed  by  prolonged  boiling  becomes  flavorless  and  insipid. 

The  flesh  of  adult  animals  is  richer  in  extractives,  has  a  richer  flavor 
than  the  flesh  of  those  which  are  immature.  This  explains  why  we  eat 
lamb  with  mint  sauce  and  add  spices  to  veal.  The  influence  of  feeding 
and  pasturage  is  well  illustrated  by  all  forms  of  game.  The  flesh  of 
wild  rabbits,  which  eat  aromatic  herbs,  for  instance,  has  a  much  finer 
flavor  than  that  of  rabbits  fed  in  captivity.  For  this  same  reason  a  por- 
tion of  wild  turkey  or  wild  duck  is  admitted  to  be  a  more  tasty  morsel  than 
the  flesh  of  birds  reared  in  a  farmyard.  Everyone  knows  the  fishy  taste 
of  sea  birds,  and  that  mutton  raised  in  the  hills  is  superior  to  its  turnip 
fed  substitutes. 

Chemical  Composition  of  Meat. — The  chemical  composition  of 
meat  varies  somewhat  with  the  particular  cut  and  the  degree  to  which  it 
has  been  fattened.  The  ordinary  butcher's  meat  does  not  consist  entirely 
of  edible  matter.  In  an  average  piece  of  meat  the  waste  may  be  safely 
reckoned  at  fifteen  per  cent  of  the  whole  and  the  proportions  of  the  con- 
stituents of  the  edible  part  are  about  as  follows  (Konig)  : 
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Water   74  to  76  per  cent 

Muscle  fibers II  to  19        " 

Connective  tissue  2  to  5       " 

Fat    0.5  to  3       " 

Ash   0  8  to  1.8     " 

Extractives »    0.5  " 

Other  analyses  represent  the  proportions  of  the  chemical  substances 
present,  thus: 

100  Parts  of  Lean  Beef  without  Visible  100  Parts  of  Dry  Substance 

Fat    (Voit)  (Rubner) 

Protein 19.27  Syntonin,  myosin,  and  gelatin. . . .  68.9 

Gelatin  1.73  Hemoglobin  and  serum  albumin. .     9.57 

Fat   0.90      Muscle  albumin 3.16 

Extractives 1.89      Extractives 13.68 

Ash   1.30     Ash 4.69 

Water 74.91 

The  effects  of  fattening  are  shown  in  the  following  table,  in  which 
the  composition  of  lean,  medium  and  very  fat  beef  is  stated  in  round 
numbers : 

Nitrogeneous 
Water  Matter 

Lean   76.5  21 

Medium    73  20.5 

Very  fat  53  17 

I^ote  the  high  percentage  of  water  in  meat  as  compared  with  the  other 
constituents,  the  weight  of  the  water  contained  is  three  times  that  of 
the  nutritive  parts.  In  other  words,  each  pound  of  meat  consists  of  three- 
quarters  pound  of  water  and  one-quarter  pound  of  nutritive  material. 
The  meat  from  young  animals  contains  the  highest  percentage  of  water. 
Another  interesting  point  shown  by  the  above  table  is  the  relation  be- 
tween water  and  fat.  These  constituents  vary  in  inverse  ratio,  the  more 
fat  there  is,  the  less  water  is  present.  To  sum  up:  fat  replaces  water 
in  muscular  tissue,  the  protein  elements  being  unaffected.  Therefore, 
by  the  fattening  process  the  nutritive  value  of  the  meat  is  absolutely 
increased.     The  above  analyses  refer  especially  to  beef;  the  composition 


Fat 

Ash 

1.5 

1 

5.5 

1 

29 

1 

1  "Nitrogenous  matter"  is  the  figure  obtained  by  multiplying  the  amount  of 
nitrogen  in  100  parts  by  6.25;  i.e.,  it  is  assumed  that  it  is  all  protein.  In  reality, 
15  per  cent  of  the  total  nitrogen  is  present  in  the  form  of  extractives,  the  amount  of 
which  can  be  calculated  by  multiplying  their  nitrogen  by  3.12. 
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of  the  other  commoner  sorts  of  meat  and  some  varieties  of  game  may  be 
graphically  represented  as  follows :  -^ 

ANALYSIS  OF  MEATS 


Variety  of  Meats 

Water 

Protein  and 
Gelatin 

Fat 

Mineral 
Matter 

Beef  (medium  fat) 

Mutton  Hean) 

77.5 

75 

65.2 

46 

71 

63 

60.9 

44.4 

22.3 

74 

66.8 

75.7 

70.0 

70.8 

37.0 

75.1 

19 
18 
14.5 
10.2 
17 
18.5 
12.3 
9.7 
8.1 
22.3 
21.4 
19.7 
23.3 
22 
14.9 
22 

1.4 

'     5.7 

19.5 

43.2 

11 

16.5 

26.2 

45.5 

65.2 

1.1 

9.7 

1.9 

3.1 

3 

45.6 

1.0 

1.4 
1.3 

Mutton  (medium  fat) 

Mutton  (^verv  fat)      

0.8 
0.6 

Veal           

1 

Lamb  (medium  fat) 

Pork  (medium  fat) 

Pork  fverv  fat) 

1.1 
0.6 
0.4 

Bacon 

4.4 

Hare 

1.1 

Rabbit  (fat) .* 

1.1 

Venison 

1.1 

Fowl 

1.0 

Wild  duck 

1.0 

Goose 

0.3 

Pigeon      

1.0 

COMPARATIVE  COST  OF  NUTRIENTS  AND  ENERGY  IN  THE 
MEATS  AND  FISH 


Food 


Price 
per  pound 


Cost  of 
1  pound 
protein 


Cost  of 
1,000  units 
of  energy 


Energy 
units  for 
10  cents 


Beefsteak 

Beef,  roast 

Beef,  dried 

Lamb,  leg  of.  .  . 

Lamb  chop 

Pork  chop 

Smoked  ham. . . 

Fowl 

Cod,  fresh 

Cod,  salt 

Halibut  steak .  . 
Salmon,  canned 
Oysters 


Cents 
20 
16 
25 
20 
22 
20 
22 
20 
10 
7 
18 
12 
18 


Dollars 

1.28 

.87 

.98 

1.37 

1.72 

1.60 

1.60 

1.65 

.93 

.45 

1.22 

.57 

3.10 


Cents 
20 
18 
32 
22 
17 
15 
13 
16 
46 
22 
38 
13 
80 


Calories^ 

515 

560 

315 

445 

890 
1,035 

735 

820 

220 

465 

265 

760 

125 


VARIETIES   OF   ANIMAL   FLESH — Beef. — The   flesh    from    fat   young 
animals  is  tender,  while  the  meat  from  old  and  lean  animals  is  tough. 


1  Most  of  the  analyses  from  which  the  diagram  is  constructed  are  by  Honig  and 
Stutzer.    The  analysis  of  lamb  is  from  Atwater,  that  of  bacon  from  Church. 
'  See  Chapter  XIX. 
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This  is  explained  by  the  fact  that  in  the  older  animal  the  connective 
tissue  becomes  progressively  more  and  more  dense.  The  older  the  ani- 
mal, the  more  work  its  muscles  have  had  to  perform  and  therefore  the 
thicker  and  denser  the  walls  of  its  muscle  fibers. 

For  this  reason  old  work  oxen  do  not  make  tender  beef  nor  do  old 
milch  cows,  for  both  age  and  muscular  work  have  a  bearing  on  the  ten- 
derness of  beef.  Therefore  the  choicest  animals  for  food  are  naturally 
young  ones.  An  ox  from  three  to  five  years  old,  which  has  been  kept 
plump  and  fat  on  good  pasturage,  supplies  the  choicest  beef,  bright  red 
in  color  and  rich  in  hemoglobin.  It  is  a  well-known  fact  that  the  flesh 
of  animals,  which  have  roamed  the  field  and  forest  in  search  of  food,  is 
of  finer  flavor  than  that  of  stall-fed  animals  or  those  confined  to  limited 
enclosed  areas. 

The  quality  of  beef  is  influenced  by  various  factors,  such  as  age,  sex, 
food  and  breeding.  The  most  agreeable  to  the  taste  is  heifer  beef.  Bull 
beef,  which  is  of  a  very  dark  red  color,  is  usually  dry  and  tough,  requir- 
ing a  long  time  for  cooking.  Although  not  very  agreeable  to  the  palate, 
it  is  preferable  to  cow  beef  for  making  beef  tea.  Cow  beef  is  of  a 
lighter  shade.  It  is  not  specially  agreeable.  As  to  breeding,  the  small 
breeds  yield  meat  far  sweeter  than  that  of  large  breeds.  The  influence 
of  age  varies  with  the  breed,  the  small  breed  when  about  three  years  old 
yielding  excellent  meat,  while  the  flesh  of  the  larger  breeds  is  more 
palatable  when  these  animals  are  mature,  i.e.,  when  four  or  ^ve  years 
old.  Care  must  be  taken  not  to  slaughter  cows  that  are  too  young.  Veal 
is  at  its  best  when  the  calf  is  about  two  and  one-half  months  of  age. 
When  too  young,  the  meat  does  not  compare  with  beef  in  wholesomeness. 
Even  at  its  prime,  veal  requires  a  long  period  for  digestion.  It  is  not 
a  very  nutritious  food,  for,  when  taken  from  very  young  animals  whose 
muscular  fiber  has  not  had  time  for  development,  the  meat  is  inclined 
to  flabbiness,  nor  does  it  contain  the  juices  so  essential  to  flavor  and 
nutrition (2).  The  butchering  of  calves  less  than  two  and  one-half  to 
three  months  of  age  is  prohibited  by  law  in  certain  states.  The  former 
prejudice  against  the  use  of  very  young  veal  is  lessening,  due  to  recent 
research  which  seems  to  indicate  that  the  flesh  may  be  just  as  easily 
digested  as  that  of  more  mature  calves  or  even  beef.  It  is  by  no  means  a 
suitable  food  for  the  sick  or  invalid,  as  it  is  hard  to  digest  and  often 
causes  diarrhea,  with  symptoms  which  indicate  the  absorption  of  albu- 
minoses  or  proteoses  into  the  system. 

Mutton. — Mutton  is  the  flesh  of  the  sheep.  The  domestic  sheep,  of 
which  there  are  several  varieties,  is  a  grazing  and  cud-chewing  animal. 
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Sheep  are  useful  animals  to  man.  Clothing  is  made  from  the  wool,  and 
the  flesh  is  an  agreeable  article  of  diet,  perhaps  more  often  eaten  than 
any  other  meat.  It  is  a  first  favorite  on  account  of  its  flavor,  digestibility 
and  wholesomeness. 

Sheep  are  best  for  food  at  the  age  of  two  to  three  years.  The  flesh 
of  the  wether  (castrated  male)  is  in  perfection  at  three  to  four  years. 
It  is  by  far  sweeter  and  more  digestible  than  ewe  mutton,  which  is  at  its 
best  at  not  more  than  two  years  old. 

There  are  many  varieties  of  sheep.  The  difference  in  the  quality 
of  the  flesh  as  food,  shown  by  its  flavor  and  tenderness,  depends  largely 
upon  the  variety.  Equally  important  are  the  pastures  and  breeding 
grounds.  The  muscle  fiber  of  mutton  is  finer  than  that  of  beef  and  car- 
ries more  fat.  Mutton  fat  contains  a  larger  proportion  of  glycerids  and 
of  stearic  acid,  which  make  it  more  compact  but  no  less  digestible  than 
the  fat  of  beef. 

Lamb. — Lamb  is  the  flesh  of  a  sheep  killed  at  twelve  to  fourteen  weeks 
of  age.  The  tissues  of  young  animals  contain  a  larger  amount  of  moisture 
and  are  more  apt  to  decompose  than  those  of  more  mature  animals  which 
are  closer  grained  and  drier.  The  freshness  of  lamb  may  be  determined 
by  brightness  of  the  eye  and  dilatation  of  the  pupil,  by  muscular  rigidity 
and  by  firmness  of  the  kidneys.  These  signs  indicate  wholesomeness, 
freshness  and  death  at  the  hands  of  the  butcher. 

Goat. — Goat  meat  as  a  food  is  not  used  extensively  in  the  United 
States,  but  we  venture  the  opinion  that  a  great  deal  of  what  is  sold  on 
the  New  York  markets  as  "spring  lamb"  is  nothing  more  nor  less  than 
Canadian  goat.  The  goat  is  about  the  size  of  the  sheep  and  subsists  on 
the  scanty  and  coarser  pasturage  of  hilly  or  mountainous  regions.  It  is 
valuable  for  its  milk,  its  skins  and  its  flesh,  which  is  used  as  food  by  those 
who  live  in  mountainous  regions.  The  flesh,  with  the  exception  of  the 
Angora  goat,  is  not  as  palatable  as  that  of  the  sheep. 

Venison. — Venison  is  the  flesh  of  the  deer,  which  are  ruminant  ani- 
mals, existing  in  many  parts  of  the  world.  The  flesh  is  dark  in  color, 
wholesome  and  delicious.  A  barbecued  saddle  of  venison  is  the  most 
savory  of  meats.  Unless  obtained  from  a  young  animal,  when  it  is  ten- 
der and  highly  flavored,  venison  is  apt  to  be  difficult  of  digestion.  It 
should  be  avoided  by  dyspeptics. 

The  process  of  barbecuing  or  roasting  of  meats  was  worked  out  and 
perfected  in  the  days  when  pains  were  taken  not  to  spoil  good  meat  with 
poor  cooking.  In  those  days  a  saddle  of  venison,  a  haunch  of  mutton  or 
a  stuffed  turkey  were  not  baked  to  insipidity  in  an  oven  meant  for  other 
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purposes,  but  they  were  carefully  turned  about  on  an  iron  spit  over  a 
bed  of  red  hot  coals.     The  rich  aroma  was  preserved  by  constant  basting. 

Pork. — Pork  is  the  flesh  of  the  ho^.  It  is  eaten  fresh,  salted,  smoked, 
or  cured  as  bacon,  ham  and  sausage.  The  fat  of  pork  is  lard,  a  soft  neu- 
tral, white,  fatty  substance,  which  contains  olein^  stearin  and  palmitin. 
Hog  fat  or  lard  is  the  most  important  representative  of  the  hydrocarbons 
in  our  foodstuffs. 

The  young  pig  roasted  is  a  dainty  dish  and  highly  prized  by  epicures. 
The  animal  should  not  be  more  than  five  or  six  weeks  old.  There  is  no 
meaty  flavor  better  than  that  of  the  crisp,  tawny,  well-watched  and  not 
over-roasted  crackling.  Pork  is  the  most  indigestible  of  all  meats,  owing 
to  the  large  percentage  of  fats  that  it  contains.  This  fat  consists  chiefly 
of  the  glycerids  of  palmitic  and  oleic  acids  and  may  be  present  in  the 
proportion  of  37  per  cent  or  more.  Although  many  believe  that  pork  is 
not  as  desirable  as  some  other  meats,  it  is  very  extensively  used  the  world 
over.  When  hogs  are  raised  under  sanitary  conditions  upon  good  whole- 
some food,  there  is  less  objection  to  the  use  of  the  meat  than  when  they 
are  fattened  in  filthy  surroundings  and  fed  on  brewers'  slops,  swill  or  other 
refuse.  The  best  grade  of  pork  with  the  choicest  flavor  is  from  young 
hogs  about  one  year  old  that  fatten  upon  the  mast  from  forest  trees  and 
are  then  confined  and  fed  on  grain  for  six  weeks.  Hogs  fattened  in  this 
way  have  firm  flesh  of  a  decided  gamy  flavor. 

Ham  and  Bacon. — Ham  and  bacon  are  more  easily  digested  than 
fresh  pork.  Bacon  is  used  largely  as  an  army  ration.  Broiled  crisp, 
thin  slices  of  bacon  are  easily  digested.  The  fat  of  bacon  seems  to  be 
of  a  granular  form,  which  is  not  difficult  to  digest  and  it  can  often  be 
eaten  with  impunity  by  persons  to  whom  other  forms  of  fat  are  intol- 
erable. For  this  reason  bacon  is  an  invaluable  aid  in  feeding  delicate 
children  and  diabetic  or  phthisical  patients  in  whose  diet  the  free  use  of 
fat  is  indicated. 

Ham  contains  in  100  parts  29  per  cent  of  albuminates,  33  per  cent 
of  fat  and  a  salt  content  of  between  8  and  11  per  cent.  In  Germany  ham 
is  much  prescribed  in  invalid  dietaries,  but  in  England  and  America  it  is 
seldom  so  prescribed.  Bauer,  in  Dietary  of  the  Sick,  says,  "The  flesh  of 
the  hog  seems  to  be  better  adapted  for  smoking  than  that  of  other  ani- 
mals and  long  experience  compels  us  to  recognize  smoked  ham  as  one  of 
the  most  wholesome  forms  of  meat.  Wliether  boiled  or  eaten  raw  it 
seems,  as  a  rule,  to  be  more  easily  digested  by  weak  organs  than  almost 
any  other." 

Ham  is  easy  of  digestion  when  thoroughly  boiled,  cut  in  thin  slices 
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and  served  cold.  For  invalids  it  should  never  be  fried.  The  best  hams 
offered  for  sale  in  this  country  are  from  small  animals,  the  sugar-cured 
hams  weighing  from  10  to  12  pounds  being  preferable.  The  finest  fla- 
vored hams  offered  on  the  markets  in  the  United  States  are  cured  in 
Virginia  and  North  Carolina.  They  are  famous  and  are  known  as  the 
"Smithfield"  hams. 

Horseflesh. — ^Horseflesh  is  rarely  used  for  food  in  the  United 
States  and  not  at  all  in  England.  In  France,  Germany  and  some  other 
European  countries  it  is  used  more  or  less  extensively. 

Hare  and  Eabbit. — The  meat  of  these  two  animals  is  quite  similar ; 
botli  live  entirely  upon  vegetable  matter.  The  flesh  of  the  former  is  dark 
and  dry  in  comparison  with  the  latter,  which  is  in  some  respects  superior, 
being  more  savory  and  of  higher  flavor.  The  rabbit  occurs  both  wild 
and  domesticated. 

Raccoon. — The  raccoon  is  a  small  carnivorous  animal  about  the  size 
of  a  large  house  cat.  In  the  late  summer  and  early  fall  this  animal  shows 
a  special  fondness  for  ripening  corn ;  at  this  season,  also,  frogs,  crayfish 
and  wild  oysters  form  a  part  of  the  raccoon's  food,  imparting  to  the  flesh 
a  peculiar  gamy  flavor.  The  hunting  of  raccoons,  usually  done  with 
dogs,  is  one  of  the  favorite  southern  sports.  The  flesh,  dark  and  juicy, 
is  highly  prized  as  a  game  food  by  the  southern  negro. 

Opossum. — The  opossum  belongs  to  the  marsupial  family  of  mam- 
malia. It  is  insectivorous,  carnivorous  and  herbivorous.  The  flesh  of 
the  opossum  is  a  dainty  dish,  highly  prized  by  epicures.  The  animal, 
after  being  caught,  should  be  confined  and  fattened  on  wholesome  food  for 
from  four  to  six  weeks,  then  slaughtered  like  a  pig,  dressed  and  roasted 
whole.  Its  flesh  is  not  as  dark  as  pork;  contains  considerable  fat  and  is 
very  tasty  and  juicy. 

GENERAL   SUMMARY 

It  IS  generally  conceded  that  the  flesh  of  animals  which  roam  in  search 
of  food  is  of  finer  flavor  and  more  toothsome  than  the  flesh  of  domestic 
animals  which  are  confined.  Mutton  is  the  most  tender  of  butchers- 
meats.  Beef,  of  firmer  texture,  is  somewhat  tougher  and  not  so  readily 
digested.  Pork  is  the  most  difficult  of  all  to  digest,  due  to  the  saturation 
of  its  fibers  with  fat  and  frequently  to  fatty  degeneration  when  the  hog 
is  overfed.  Chicken,  pheasant,  rabbit,  etc.,  are  the  most  easily  digested, 
largely  due  to  the  absence  of  fat  from  their  tissue. 

The  flesh  of  mature  animals  contains  more  meat  or  protein  than  that 
of  the  young,  the  male  more  than  the  female  and  the  well  fed  more  than' 
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the  poorly  fed  animals.  Castration  greatly  improves  the  flavor  of  the 
meat  of  the  male  and  the  flesh  is  also  more  tender.  Every  day  the  testes 
are  allowed  to  remain  in  an  animal  intended  for  food  injures  the  quality, 
delicacy  and  flavor  of  the  flesh  of  a  male  animal.  Even  the  flesh  of  the 
female  is  improved  hy  spaying.  The  flesh  of  an  animal  which  is  not  cas- 
trated or  spayed  until  after  puberty  retains  a  certain  coarseness  and 
strong  flavor.  A  notable  example  of  the  efl'ects  of  castration  in  birds  is 
seen  in  caponized  fowls,  the  flesh  of  which  is  tender  and  juicy. 

MEAT    EXTRACTS 

Beef  Extract. — There  are  numerous  meat  preparations,  both  liquid  and 
solid,  offered  for  sale,  the  idea  being  to  furnish  a  concentrated  and  easily 
digested  food."  Baron  von  Liebig  was  the  pioneer  in  making  beef  ex- 
tract. He  chopped  up  fresh  beef  very  fine  and  heated  it  under  pressure 
with  a  little  water.  The  extract  was  filtered  and  evaporated  in  vacuum. 
The  product  was  a  golden  brown  liquid  with  a  strong,  agreeable  meaty 
odor.  He  calculated  34  pounds  of  good  beef  would  yield  one  pound  of 
extract,  and  this  would  make  70  pints  of  beef  tea,  each  pint  representing 
the  strength  of  1/4  pound  of  beef  extract.  Beef  extracts  are,  therefore, 
really  concentrated  bouillons  that  are  to  be  diluted  before  being  taken. 
The  table  on  page  288,  taken  from  Chittenden,  gives  the  percentage 
composition  of  a  few  beef  products. 

It  must  be  admitted  that  we  have  only  meager  information  as  to  the 
chemical  properties  of  extractives  of  meat.  Most  of  them  are  basic  sub- 
stances, a  few  are  amids.  Creatin,  xanthin,  carmin  and  the  peculiar  and 
interesting  substance,  carnic  acid,  which  is  very  similar  to  "antipeptone," 
are  a  few  of  the  better  known  component  parts. 

NUTRITIVE  VALUE  OF  MEAT  EXTRACTS.— These  substances  are  some- 
what related  to  protein,  but  under  no  conditions  are  they  of  any  use  as 
tissue  builders.  Liebig  himself  once  said,  ^^Meat  extract  cannot  make  us 
strong,  but  it  makes  us  aware  of  our  strength."  If  meat  extracts  are 
taken  dissolved  in  hot  water  and  the  solution  slowly  sipped,  they  produce 
a  stimulating  effect  on  the  circulation.  There  is  no  proof  that  the  extrac- 
tives of  meat  act  as  brain  stimulants  in  the  same  way  as  tea  and  coffee 
do,  but  there  is  positive  evidence  that  they  remove  the  apparent  effects 
of  muscular  fatigue.  This,  perhaps,  explains  the  beneficial  action  often 
noticed  after  administering  beef  extracts. 

Hutchison (3),  in  speaking  of  the  meat  extractives,  says: 

The  recent  experiments  of  Pavlov  have  shown  that  they  are  the  most  powerful 
exciters  of  gastric  secretion  that  we  possess.     They  are  thus  eminently  calculated 
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to  rouse  appetite,  and  aid  digestion  of  any  food  with  which  they  may  be  taketV 
This  is  indeed  their  true  role,  both  in  health  and  disease.  They  are  flavoring 
agents,  and  their  proper  place  is  in  the  kitchen  and  not  at  the  bedside. 

The  meat  from  which  the  extractives  have  been  removed  is  tasteless 
and  difficult  to  digest.  The  small  quantity  of  nutrient  material  in  beef 
extract  may  be  of  value  in  some  cases,  where  it  is  of  great  importance  to 
have  a  little  nutriment,  even  if  the  amount  is  very  small,  which  can  be 
readily  absorbed. 

CONSTITUENTS  OF  MEAT  EXTRACTS.— In  the  preceding  pages  direc- 
tions were  outlined  for  making  beef  extracts,  and  their  basic  substances, 
creatin  and  creatinin,  described.  Besides  these  there  is  found  leucin, 
tyrosin,  xanthin,  hypoxanthin  and  adenin.  Kutscher(4)  has  recently 
isolated  various  other  bodies  from  meat,  i.e.,  ignotin,  novain,  carnitin, 
oblitin,  vitiatin,  etc.  Besides  the  above  constituents  of  meat  and  meat 
extracts,  the  researches  of  Casimir  Funk  and  Grijns  have  demonstrated 
the  presence  of  certain  accessory  bodies  which  they  call  vitamines,  else- 
where fully  dealt  with. 

PERCENTAGE  COMPOSITION  OF  BEEF  PRODUCTS  (ANALYZED  1891) 


Constituents 
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Water  (at  110°  C.) 

Solid  matter  (at  110°  C.) . . 

Soluble  in  water 

Insoluble  in  Water 

Inorganic  constituents 

Phosphoric  acid  (PjOs) .... 

Fat,  ether  extractives 

Soluble  in  80%  alcohol .... 

Total  nitrogen 

Nitrogen  of  insoluble  mat- 
ter  

Insoluble  protein  matter. . . 

Soluble  albumin  (coagula- 
tive  by  heat) 

Soluble  albumoses 

Peptone 

Total  protein  matter  avail- 
able as  nutriment 

Nutritive  value  as  com^ 
pared  with  fresh  lean  beef 
(lean  beef,  100) 
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60.31 
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36.69 
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42.12 
42.12 
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16.01 
16.01 


24.(^4 
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0.91 
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9.52 

9.52 
9.52 
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28.29 
7.28 
1.27 

67.92 

8.80 

8.80 
8.80 
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11.30 
4.00 
0.78 

29.15 
2.68 

2.68 
2.68 
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17.52 
3.94 
0.85 

35.08 
3.25 

3.25 
3.25 

0.47 


1.02 
0.03 
1.49 
1.49 
2.43 

2.43 
2.43 
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0.09 
0.27 
0.27 
2.29 

2.29 
2.29 
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39.58 

60.42 

50.40 

10.02 

13.52 

3.91 

1.29 

34.10 
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1.46 
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0.68 
3.15 


0.55 
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0.47 
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72.40 


14.29 


74.00 


9.12 


6.80 

93.20 

48.12 

45.06 

5.08 

1.40 

2.95 

2.95 

4.42 

3.25 
20.30 


5.44 
1.87 

27.61 


6.68 
93.32 
31.26 
62.06 
4.23 
1.71 
13.60 
13.60 
12.36 

7.65 
47.81 


47.20  143.00 


11.09 
18.34 

77.24 


400.00 
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CANNED  MEATS.— It  has  been  shown  that  some  canned  foods  can  only 
be  preserved  by  sterilization  at  a  temperature  of  248°  F.  for  not  less 
than  60  minutes.  This  degree  of  heat  would  certainly  destroy  vitamines. 
Perfectly  fresh  meat  shows  an  acid  reaction ;  pickled  meat,  due  to  chemi- 
cals used  in  the  process,  shows  an  alkaline  reaction.  The  Bacillus 
putrificus  coll  is  present  in  the  colon  of  animals  and  contaminates  all 
meats.  The  spores  of  this  bacillus  are  killed  by  exposure  to  a  tempera- 
ture of  224°  F.  for  15  minutes;  230°  F.  for  10  minutes;  240°  F.  for  5 
minutes.  In  the  process  of  canning  meats,  if  these  temperatures  are  not 
maintained,  the  meat  in  the  interior  of  the  can  is  not  sterilized.  This 
gives  the  bacilli  an  opportunity  to  develop  and  decompose  proteins  and 
other  organic  compounds.  The  sulphur  generated  by  decomposed  pro- 
teins forms  a  sulphid  of  iron  which  blackens  the  tin,  while  the  generated 
gas  may  cause  the  end  of  the  can  to  be  "blown"  or  "swollen." 

BEEF  JUICE. — Beef  juice  consists  of  the  fluid  substance  contained  in 
the  muscle  fibers.  These  products  are  prepared  by  subjecting  the  meat 
to  strong  pressure,  and  are  subsequently  concentrated  by  evaporation  in 
vacuum.  The  use  of  heat  is  painstakingly  avoided,  as  it  would  coagulate 
the  soluble  proteins  contained  in  the  juice.  Reliable  beef  juice  must  be 
manufactured  by  the  cold  process,  and  have  salt  or  another  harmless  pre- 
servative added  to  prevent  putrefaction  after  manufacture. 

RAW  BEEF  JUICE.— Raw  beef  juice  may  be  made  at  home  with  an 
ordinary  lemon  squeezer.  If  sufficient  pressure  is  exerted  the  juice  will 
exude  as  it  would  from  an  orange.  Perhaps  the  best  method  is  to  chop 
the  meat  very  fine,  add  cold  water  and  let  it  stand  in  a  cool  place.  The 
soluble  proteins  and  other  constituents  are  gradually  dissolved  out  and 
are  obtained  by  squeezing  the  pulp  in  muslin. 

The  table  on  page  290,  taken  from  Hutchison,  shows  the  composition 
of  r.nw  beef  juice  obtained  by  different  methods. 

Use  of  Raw  Beef  Juice. — Fresh  beef  juice  is  serviceable  for  feed- 
ing the  sick  in  many  severe  cases  of  gastric  disorders,  in  typhoid  fever 
and  in  the  diet  of  infants  at  the  beginning  of  the  second  year.  It  is 
much  to  be  preferred  to  any  of  the  foregoing  beef  extracts  and  other 
preparations. 

BEEF  TEA.— Beef  tea  can  be  readily  prepared  for  domestic  use.  Al- 
low meat,  finely  chopped  and  with  a  little  salt  added,  to  stand  in  cold 
water  for  half  an  hour,  then  heat  it  for  some  time  in  a  double  boiler  at  a 
temperature  always  below  160°  F.  Pour  off  liquid  and  press  the  meat 
to  remove  as  much  of  the  remaining  juice  as  possible. 

Preparation  of  Beef. — If  it  is  desired  to  prepare  a  beef  tea  which 
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COMPOSITION  OF  NATURAL  RAW  BEEF  JUICE 


Method  of  Preparation 

Water 

Coagu- 

lable 
Protein 

Extract- 
ives 

(1)  Meat  from  round  slightly  broiled  and  pressed  (5) . . 

(2)  Meat  from  neck  slightly  broiled  and  pressed (5) . . . 

(3)  Chopped  beef  heated  in  corked  bottle  (5) 

(4)  Lean  steak  shghtly  broiled  and  juice  expressed 

with  lemon-squeezer  (1  lb.  yielded  2^  oz.) . .  •  • 

(5)  1  lb.  beef  and  8  oz.  water  stood  on  ice  for  six 

hours;  then  twisted  in  coarse  muslin  (yield)  =- 
81^  oz.  (6) 

88.1 
90.1 
92.1 

92.9 

94.9 
91.1 

6.97 
5.18 
2.19 

2.90 

3.0 
5.1 

3.97 
3.56 
2.09 

3.40 
1.90 

(6)  4  oz.  minced  steak  soaked  for  an  hour  in  1  oz. 
water,  then  forcibly  expressed. (7) 

3.1 

will  contain  real  nutriment,  Hutchison  advises  that  one  should  proceed 
in  the  following  way: 

Procure  some  good  lean  beef,  trim  off  with  a  knife  any  gristle  or  fat  adhering 
to  it  and  then  scrape  the  meat  thoroughly  with  the  back  of  the  knife  so  as  to 
tear  it  into  shreds.  In  this  way,  all  the  fibers  of  the  meat  are  removed  from  the 
connective  tissue  which  holds  them  together.  It  is  these  fibers  which  contain  the 
most  nourishing  part  of  the  meat.  Having  placed  the  fragments  of  the  meat  in 
a  jar,  add  water  and  mix  thoroughly.  How  much  water  should  be  added  is  a 
matter  of  taste.  Obviously,  if  a  small  quantity  of  water  is  taken,  the  beef  tea 
will  be  stronger  than  if  much  is  used.  As  a  rule,  one  pint  of  cold  water  to  one 
pound  of  beef  is  the  proportion  recommended.  If  the  mixture  is  now  set  aside 
in  the  cold  for  some  time,  most  of  the  soluble  proteins  of  the  meat  will  be  dis- 
solved along  with  the  extractives  and  salts.  A  little  salt  is  sometimes  added  to 
the  water  under  the  belief  that  its  solvent  powers  are  thereby  increased.  It  is 
doubtful,  however,  whether  such  is  really  the  case.  By  the  end  of  half  an  hour 
or  so  of  standing  in  the  cold,  the  preparation  is  practically  a  more  or  less  dilute 
raw  beef  juice. 

The  jar  should  now  be  tightly  covered,  placed  in  a  saucepan  of  water  and 
gradually  heated.  The  temperature  for  at  least  the  first  hour  should  be  kept 
below  the  coagulating  point  (167°  F.).  From  time  to  time  the  mixture  should 
be  stirred  with  a  fork  and  the  lumps  of  meat  squeezed  against  the  sides  of  the 
jar.  During  this  time  any  remaining  soluble  protein  is  dissolved  out.  At  the 
end  of  the  hour  the  tea  must  be  cooked,  i.e.^  its  raw  appearance  and  taste  taken 
away  by  heating  it  to  above  the  point  at  which  the  red  coloring  matter  coagulates. 
The  simplest  plan  is  to  bring  it  to  a  boil  and  then  remove  it  from  the  fire  imme- 
diately. Prolonged  boiling  must  be  avoided,  as  it  tends  to  render  the  coagulated 
protein  indigestible.  The  beef  juice  should  then  be  poured  from  the  residue  of 
beef,  not  strained.^     When  this  has  been  done,  the  residue  should  be  squeezed 

1  The  nutritive  value  of  the  preparation  can  be  immensely  increased  by  grating 
down  the  residue  of  the  meat  into  fine  particles  and  adding  these  to  the  tea.  This, 
however,  is  not  always  permissible. 
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very  hard  with  the  back  of  a  spoon  through  a  coarse  strainer  or  sieve  and  the 
juice  which  comes  out  added  to  the  tea.  The  latter  may  then  be  set  aside  to 
cool.  When  cold,  it  will  be  found  to  have  settled  into  two  layers:  a  lower  layer 
composed  of  flocculcnt  particles  and  nn  upper  layer  of  brown  fluid.  The  fat  on 
the  top  should  be  removed  with  a  boated  spoon. 

Attention  must  now  be  directed  to  the  two  layers  in  the  beef  tea.  Tlie  lower, 
flocculent  one  consists  of  the  nutritive  part  of  the  preparation,  namely,  the  pro- 
tein. It  has  been  coagulated,  by  bringing  the  tea  to  the  boiling  point,  but  the 
coagulation  has  occurred  in  the  form  of  very  fine  light  particles.  Had  the  tea 
been  passed  through  a  fine  strainer  or  through  muslin,  as  is  sometimes  recom- 
mended, these  particles  would  have  been  kept  back  and  the  value  of  the  tea  pro- 
portionately lessened.  The  upper  or  fluid  layer  corresponds  to  what  is  the  whole 
tea,  wlien  the  latter  is  imperfectly  prepared;  in  other  words,  it  consists  of  a 
solution  of  the  extractives  and  salts  of  the  meat. 

Albuminoid  Material  in  Beef  Tea. — It  must  be  admitted  that  the 
total  quantity  of  albuminoid  material  which  can  be  obtained  in  the  man- 
ner above  described  is  very  small,  but  in  febrile  states  it  is  good  for  the 
patient  to  ingest  large  quantities  of  water  and  there  can  be  no  objection 
to  a  part  of  the  fluid  being  taken  in  the  shape  of  beef  tea.  When  pa- 
tients suffer  from  great  thirst  they  soon  become  tired  of  swallowing,  and 
it  is  then  well  to  give  nitrogenous  food  in  some  concentrated  form.  In 
wasting  fevers,  albuminoid  and  gelatinous  fluids  aid  in  sustaining 
strength  and  relieve  exhaustion.  For  this  purpose  beef  tea  and  beef 
essence  are  valuable.  It  may  be  improved  by  adding  a  crushed  cracker, 
a  little  butter,  salt,  sago  or  chocolate. 

Prepared  Beef  Teas. — In  earlier  times  nearly  all  beef  tea  was 
prepared  by  the  housewife;  now,  however,  numerous  preparations  are 
manufactured,  some  of  which  offer  good  substitutes  for  the  domestic 
article.  The  following  table  from  Hutchison  gives  the  composition  of  a 
few  of  these  prepared  beef  teas: 

Fibrous  Strong      Vril  Albuminous 

Beef  Tea  Beef  Tea  Beef  Tea 

(Brand's)  (Mason's)        (Bovril  Co.) 

Water  83.21  89.02  84.00 

Extractives   4.52  2.47  4.17 

Proteins    11.40  6.86  10.17 

Mineral  matter 0.86  1.65  1.66 

BEEF  BOUILLON.— Beef  bouillon  is  prepared  by  cutting  meat  into 
small  bits,  heating  it  slowly  in  water  for  some  minutes  and  then  sud- 
denly bringing  it  to  the  boiling  point.  The  fluid  so  produced  has  a  very- 
acceptable  flavor  and  contains  very  little  nutriment,  other  than  the  meat 
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extractives  and  salts  and  some  slight  amount  of  gelatin.  Bouillons  in- 
crease the  flow  of  saliva  and  can  be  rendered  more  nutritious  by  adding 
an  egg.  Bouillon  cubes  often  contain  from  50  to  72  per  cent  of  com- 
mon salt. 

MEAT  POWDERS.— Meat  powders,  such  as  Mosquera's  beef  meal,  Soma- 
tose  and  "Beef  meal,"  are  tolerated  by  some  stomachs  and  have  the 
advantage  of  being  less  disagreeable  than  some  home-made  beef  prepa- 
rations. Meat  powders  are  manufactured  from  dried  lean  beef  reduced 
to  a  powder.  It  is  a  highly  concentrated  food  and  an  excellent  product 
for  those  who  go  beyond  the  reach  of  fresh  food,  or  who  need  to  carry 
their  sustenance  in  a  small  bulk. 

BEEF  PEPTONES.— Beef  peptones  consist  of  digested  or  partly  di- 
gested meat  containing  albuminose  and  peptones.  These  products  are 
useful  in  cases  of  feeble  stomach  digestion  and  in  other  forms  of  illness. 
The  following  table  from  Tibbies  shows  that  some  of  these  preparations 
contain  very  little  albuminose  and  peptone,  but  a  considerable  quantity 
of  extractives  of  the  same  character  as  those  in  beef  extracts.  They  have 
slight  nutritive  value: 

PERCENTAGE  COMPOSITION  OF  PEPTONE  PREPARATIONS 


*Namf. 
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Ml 

1 

is 
U 

0 

1 

1 

Authority 

Antweiler's  peptone. . . . 
Armour's  peptone  wine . 

6.92 
83.00 

89.68 
89.19 
84.60 

5.50 

6.75 
25.71 
78.45 
81.00 
20.95 
40.16 

12.85 

3.22 

14.54 
3.00 

2.41 

'7.00 

24.00 

60.15 
3.00 

4.75 
6.05 

1.74 
12.90 

2.27 
.15 



.54 

13.31 
1.10 

.89 
1.31 
1.40 

5.20 

5.50 
13.50 

2.54 

1.00 
18.24 

6.89 

Konig 
Hutchison 

Benger's  peptonized  beef 
jelly 

1.55 

1.48 

■2.'25 

Konig 

Brand's  essence  of  beef . 

Stutzer 

Brand's  beef  peptone. .  . 

Hutchison 

Carnrick's  peptonoids 
(liquid) 

- 

6.93 
30.60 

'3.60 
32.57 
16.83 

'.'23 

2.66 
3.06 

4.87 

65.401 
.10 

Carnrick's  peptonoids 
(solid) ; 

10.49 
8.06 

56.25 

13.41 

10.67 

Darby's  fluid  meat 

Konig 
Leyden 

Demayer's  peptone 

12.15 

4.32 
15.002 

6.16 
15.96 
13.003 

1.87 

7.47 

2.62 

22.73 

Trace 

Fairchild's  panopeptone 

Kemmerick's  peptone .  . 

9.72 
7.80 

7.86 

1.42 

48.00 

25.23 
'2.24 

14.56 
15.96 
29.00 
12.91 

5.43 

33.96 

1.81 

1.76 

Stutzer 

Koch's  peptone 

Mosciuera's  beef  meal .  . 



.79 

Konig 

Murdoch's  fluid  meat. .  . 

83.61 

27.01 
14.24 
59.07 
87.50 

2.29 
8.76 
2.50' 

.56 

12.10 

5.30 

11.52 

.72 

Stutzer 

Savory  and  Moore's 
fluid  beef 

Stutzer 

Somatose 

Tankard 

Valentine's  meat  juice.  . 

Konig 
Tibbies 

Peptonized  milk 

4.50 

4.00 

1  Chiefly  .sugar. 

2  Mostly  sugar. 
8  Mostly  fat. 


GELATIN 


293 


GELATIN 

Preparation  of  Gelatin. — Gelatin,  another  moat  product  which  of  late 
years  has  come  into  common  use,  is  prepared  from  l>one,  tendons,  horns, 
hoofs  and  hides  by  boiling  under  pressure.  The  potential  energy  of  this 
product  is  calculated  to  be  even  more  than  that  of  some  fats  and  albu- 
minates and  yet  in  the  body  it  is  very  inferior  in  the  production  of 
energy.  It  cannot,  therefore,  take  the  place  of  proteins  for  growth  and 
repair  and  must  be  regarded  solely  as  an  albumm  sparer.  Neither  can 
it  replace  albumin,  the  loss  of  which  still  goes  on  to  some  extent  even 
when  gelatin  is  eaten  in  large  quantities.  Home-made  meat  jellies  may 
be  made  by  taking  any  meat  in  which  there  is  a  large  proportion  of  con- 
nective tissue.  Put  the  meat  in  a  pot  with  cold  water,  slowly  bring  to  a 
boil  and  let  it  simmer  for  six  or  seven  hours.  This  slow  cooking  of  the 
connective  tissue  gelatinizes  it.  When  cooled  the  gelatin  may  be  sepa- 
rated from  the  fat,  bones  and  lean  meat.  This  home-made  meat  jelly 
possesses  a  pleasant  flavor  and  is  relished  as  an  invalid  diet.  It  is  used 
in  the  body  very  much  like  the  carbohydrates  and  fats,  i.e.,  not  as  a  tissue 
builder  but  as  a  fuel  food.  In  this  it  acts  differently  from  other  fuel 
foods.  The  waste  materials  resulting  from  its  oxidation  are  similar  to 
the  ^vaste  materials  from  the  oxidation  of  protein  and  must  therefore  be 
eliminated  by  the  kidneys.  Calfs-foot  jelly,  calfs-head  jelly,  hog's-head 
jelly,  if  not  made  too  rich  by  added  ingredients,  are  suitable  for  invalid 
diet,  especially  when  flavored  with  sherry  or  Rhine  wine. 

AKAL^/SIS  AND  FUEL  VALUES  OF  GELATIN.—  The  following  table  from 
Bulletin  No.  28,  U.  S.  Dept.  of  Agriculture,  shows  the  analysis  and  fuel 
value  of  gelatin  and  jelly  preparations: 

COMPOSITION  OF  GELATIN 


Nutrients,  Per  Cent 

Calories 

Water 

Protein 

Fat 

Carbohy- 
drates 

Ash 

per 
pound 

Gelatin 

13.6 
19.0 
77.6 

91.4 

89.3 

4.3 

0.1 
1.6 

17.4 

2.1 
2.0 
0.7 

1,705 

1,730 

405 

Isinglass        

Calfs-foot  jeUy 

DIGESTIBILITY  OF  JELLIES.— Jellies  are  easily  digested,  complete 
peptonization  occurring  in  one  hour.  Jelly  stimulates  the  flow  of  gas- 
tric juice,  but  at  the  same  time  fixes  a  good  deal  of  acid.  It  is  for  this 
reason  a  useful  food  in  hyperacidity. 
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PUREST  FORM  OF  GELATIN.— The  purest  form  of  gelatin  is  isinglass, 
a  substance  obtained  from  the  swim  bladder  of  fish,  especially  the  stur- 
geon. Chemically  it  is  richer  than  ordinary  gelatin,  as  is  shown  in  the 
table  above. 

CHIEF  PECULIARITY  OF  GELATIN.— The  chief  pecularity  of  gelatin  is 
that  it  dissolves  in  boiling  water  and  settles  into  a  jelly  when  cool.  It  is 
remarkable  how  weak  a  solution  is  capable  of  setting.  Even  when  one 
per  cent  is  present  the  solution  sets. 

ANIMAL   VISCERA   AS   FOOD 

Definition  of  Animal  Viscera. — Animal  viscera  are  certain  organs  other 
than  flesh,  that  are  sometimes  used  for  food.  Some  of  the  viscera  are  quite 
digestible,  although  none  is  equal  to  or  as  nutritious  as  good  meat.  The 
sweetbreads  and  thyroid  gland  are  delicacies  which  an  invalid  may  have. 

COMPOSITION  AND  DESCRIPTION  OF  VISCERA.— The  general  composi- 
tion of  these  articles  is  shown  in  the  following  table  compiled  by  Hutchi- 
son, from  Atwater  and  from  our  own  findings: 

COMPOSITION  OF  ANIMAL  VISCERA 


Marrow 


Water 


Nitrog- 
enous 
matter 


Fat 


Carbohy- 
drates 


Ash 


Kidney  (ox)    

Kidney  (sheep) 

Liver  (ox) 

Liver  (sheep) 

Heart  (ox) 

Heart  (sheep) 

Lung  (ox) 

Lung  (sheep) 

Sweetbreads 

Blood 

Tripe 

Tongue  (ox),  fresh 

Tongue,  smoked  and  salted 

Brain 

Liver  (pig) 

Liver  (chicken) 

Liver  (goose) 

Liver  (turkey) 

Tongue  (sheep) 

Tongue  (lamb) 

Spleen 

Marrow 


76.7 
78.7 
71.2 
61.2 
62.2 
69.5 
79.7 
75.9 
70.9 
80.8 
74.6 
63.8 
35.7 
80.6 
71.2 
69.3 
62.6 
69.6 
47.6 
67.4 
69.0 
8.56 


16.9 
16.8 
20.7 
23.1 
16.0 
17.0 
16.1 
20.2 
16.8 
18.1 
16.4 
17.1 
24.3 
8.8 
21.3 
22.4 
16.6 
22.9 
24.4 
13.9 
17.5 
1.87 


4.8 

3.2 

4.5 

9.0 

20.4 

12.6 

3.2 

2.8 

12.1 

0.2 

18.5 

18.1 

31.6 

9.3 

4.5 

4.2 

15.9 

5.2 

24.0 

17.8 

12.00 

88.04 


0.4 

1.5 
5.0 


1.4 
2.4 
3.7 
0.6 
0.6 
0.6 
0.6 
0.6 


1.20 

1.30 

1.60 

1.70 

1.00 

0.90 

1.00 

1.20 

1.60 

0.85 

0.50 

1.00 

8.50 

1.10 

1.4 

1.7 

1.2 

1.7 

4.8 

0.5 

1.5 

1.53 


Kidneys. — The  kidneys   are  indigestible,   chiefly  by  reason  of  the 
closeness  of  their  texture.     The  nitrogenous  extractives  or  meat  bases  are 
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urea,  uric  acid,  creatin,  purin  bases.  If  cooked  too  long  they  become  very 
hard  and  tough. 

LivEU. — Tlio  liver  is  more  often  eaten  perhaps  than  any  other  organ. 
Calf's  liver  is  the  best  flavored  and  most  tender  variety.  When  liver  is 
boiled  in  water  a  liquid  is  obtained  containing  nucleoproteins,  which  has 
been  termed  ferraiin.  It  also  yields  important  nitrogenous  extractives. 
Tender  liver  is  more  easily  digested  than  kidney  and  is  fairly  nutritious. 
Liver  should  never  be  allowed  to  diabetics.  The  Scotch  people  under- 
stand the  art  of  cooking  liver.  It  is  chopped  very  fine  and  mixed  with 
oatmeal  in  making  the  national  dish,  ^^Haggis." 

Heart. — The  heart  is  sometimes  used  as  a  food,  but  the  meat  is  hard, 
tough  and  stringy,  containing  but  little  nutrition. 

Lungs. — Lungs  of  animals  are  not  regularly  used  for  food,  though 
they  are  sometimes  eaten  in  prisons. 

Sweetbreads. — Sweetbreads  are  either  the  thymus  gland,  sometimes 
called  "neck"  or  "throat"  sweetbread,  or  the  pancreas,  called  the  "belly 
sweetbread."  These  two  sets  of  glands,  both  very  similar  in  composi- 
tion, consist  of  a  mass  of  cells  held  together  by  loose  connective  tissue; 
they  are  very  rich  in  nuclein  and  nucleoprotein,  but  poor  in  albumin  and 
globulin.  They  are  rich  in  the  salts  of  calcium  and  magnesium,  potas- 
sium and  phosphates.  The  sweetbread  is  a  useful  adjunct  to  the  invalid 
dietary;  it  is  very  tender,  has  an  agreeable  flavor,  is  easily  digested. 
Butchers  often  substitute  the  pancreas  or  "belly  sweetbread"  for  the  bet- 
ter th^^Tnus  or  neck  sweetbread.  The  former  may  be  recognized  as  being 
larger  and  coarser  than  the  "neck  sweetbread."  The  "belly  sweetbread" 
is  harder  to  digest. 

Blood. — Blood  as  a  food  is  chiefly  used  in  the  form  of  black  pud- 
dings, which  contain  rice  and  other  ingredients  sterilized  by  boiling. 
This  compound  is  nutritious,  and  if  eaten  while  fresh  is  quite  free  from 
danger. 

Tripe. — Tripe  is  the  name  of  the  stomach  and  intestines  of  the  ox  or 
hog  after  being  properly  cleaned  and  cooked  by  prolonged  boiling.  It 
consists  largely  of  involuntary  muscular  fibers.  The  chief  protein  is 
globulin.  It  contains  five  times  as  much  nucleoprotein.  as  striated  mus- 
cular tissue.  It  also  contains  a  small  amount  of  glycogen,  sarcolactic  acid 
and  mineral  salts,  in  which  sodium  is  in  excess  of  the  potassium.  When 
properly  prepared,  while  somewhat  flavorless,  it  is  easy  to  digest  and  must 
be  regarded  as  a  suitable  food,  especially  in  cases  where  purins  are  not 
wanted. 

Tongue. — The  tongues  of  oxen  and  sheep  are  used  as  food,  and  a 
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large  industry  is  carried  on  by  canning  these  organs,  which  sell  as  potted 
meat.  Tongue  consists  of  muscle  fibers,  which  are  fairly  free  from  con- 
nective tissue. 

Braix. — The  brain  of  animals  is  not  very  commonly  eaten  as  a  food. 
The  substances  which  make  up  the  complex  composition  of  the  brain  tis- 
sue are  varied  and  of  great  importance  when  the  organ  is  regarded  as  a 
foodstuff.     Hammarsten  gives  the  following  composition  of  the  brain: 

COMPOSITION  OF  BRAIN 

Water    732.66 

Solids 267.34 

Proteins  :  Protagon 17.96 

Insoluble  proteins  and  connective  tissue 55.40 

Nuclein    2.47 

Neurokeratin    14.68 

Fats:   Cholesterin 34.48 

Lecithin  and  other  phosphorized  bodies 136.92 

Extractives 

Mineral  Substances  2.95  to  7.08 

In  the  class  of  proteins  are  found  albumin,  globulin,  nucleo-albumin 
(phosphoprotein),  nucleoprotein,  and  lecithalbumins,  i.e.,  compounds  of 
lecithin,  albumin  and  phosphoprotein.  Adrenin  and  guanin  are  derived 
from  the  nucleoproteins.  Nuclein  is  found  in  large  proportion  in  the 
gray  matter,  and  neurokeratin  in  the  neuroglia.  Lecithin,  either  alone  or 
combined  with  albumin  or  fatty  acids,  is  found  in  both  the  gray  and  the 
white  brain  matter.  Cholesterin,  either  alone  or  combined,  is  found  in 
greater  quantities  in  the  white  matter.  The  fatty  acids  exist  in  combi- 
nation with  lecithin,  cholesterin  and  protagon. 

It  might  be  inferred  that  brain  is  a  very  proper  food  for  persons 
whose  occupation  is  chiefly  intellectual,  but  observations  do  not  confirm 
this  supposition. 

DOMESTIC   AND   WILD   FOWLS 

DOMESTIC  FOWLS:  ENUMERATION  AND  DESCRIPTION.— Poultry  or  barn- 
yard fowls  include  the  following  varieties  of  domestic  birds :  cJiichen,  iur- 
Jcey,  peacock,  ducTc,  goose,  guinea  fowl  and  pigeon.  Generally  speaking, 
the  flesh  of  all  birds  is  edible.  Occasionally  the  flesh  of  some  birds  is 
rendered  poisonous  by  foods  which  they  eat;  thus,  the  pheasants  and 
partridges  of  America,  especially  the  former,  who  eat  the  buds  of  the 
calmia  latifolia,  are  considered  poisonous  in  the  winter  and  spring. 

Chicken. — Chicken  is  among  the  most  digestible  of  all  meats, 
whether  cooked  by  broiling,  by  roasting  or  by  boiling.     The  white  meat 
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is  more  easily  digested  than  the  dark.  Even  a  typhoid  convalescent  may 
eat  a  small  piece  of  chicken  breast  with  impunity.  A  convalescent  re- 
covering from  any  severe  illness  may  be  allowed  chicken  days  before  it 
would  1)0  safe  to  order  beef  or  mutton,  (chicken  broth  is  almost  univer- 
sally liked,  and  when  served  with  rice  and  an  egg  forms  a  tempting  and 
tasty  invalid  food. 

There  are  many  varieties  of  the  domesticated  chicken.  Some  are 
prized  for  their  tendency  to  grow  large  and  fatten  rapidly,  others  for 
their  egg-producing  qualities.  In  temperate  regions  the  chickens  lay  best 
in  the  spring  and  early  summer.  "Spring*'  chickens  are  ready  for  the 
table  at  two  to  four  months  old.  Older  chickens  are  killed  all  the  year 
round. 

The  flesh  of  the  mature  cock  is  too  tough  and  too  highly  flavored  to 
be  palatable  and  is  only  fit  for  stewing.  Young  cockerels,  however,  are 
killed  and  sent  to  the  market  as  spring  chickens.  The  older  cockerels  are 
eaponized(8)^  ^.e.,  castrated,  after  which  they  grow  to  a  good  size  and 
fatten  readily.  The  white  meat  develops  more  than  in  ordinary  fowls, 
while  they  retain  the  tenderness  and  sweetness  of  a  spring  chicken.  The 
French  have  practiced  spaijhig  of  hens  to  a  small  extent.  Such  birds  they 
call  poulards.  While  it  is  admitted  that  they  fatten  more  readily  than 
ordinary  hens,  it  is  questionable  whether  the  flesh  of  the  poulard  is  better 
or  finer  flavored  than  that  of  the  ordinary  hen. 

Turkey. — The  turkey (9)  is  a  native  of  North  America.  Raleigh's 
first  emigrants  to. the  New  World  found  this  "grand"  bird  roaming  the 
forests  of  eastern  North  Carolina.  There  are  many  varieties,  but  the 
two  principal  breeds  are  the  American  Bronze  and  the  White  Holland. 
Both  are  large  species,  sometimes  reaching  a  weight  of  forty  to  forty- 
five  pounds.  The  turkey  is  highly  esteemed  for  the  excellence  of  its 
flesh  and  its  large  size.  Turkey  chickens  are  not  much  in  demand.  They 
are  thin  and  scraggy;  when  two  or  three  months  old  they  weigh  from 
2  to  3 1/2  pounds  and  are  sold  as  broilers.  Turkey  meat  when  properly 
fattened  and  cooked  is  tender,  delicate  and  nourishing  and  of  most  excel- 
lent flavor.  The  flesh  is  grayish  white,  free  from  excessive  fat,  and  there- 
fore much  to  be  preferred  to  that  of  the  goose. 

Peafowl. — This  bird  belongs  to  the  pheasant  family  and  is  the  com- 
mon peacock  of  Great  Britain  and  America.  The  peacock  has  a  larger 
amount  of  flesh  in  proportion  to  bone  than  most  fowls.  Young  peahens 
are  as  delicate  and  toothsome  as  pheasants,  but  mature  ones  are  dry  and 
not  as  tasty  as  the  flesh  of  the  young  pheasant.  The  older  peacock  is  not 
held  in  high  esteem  for  its  flesh  but  only  for  its  ornamental  plumage. 
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Ducks  and  Geese. — Ducks  and  geese  are  indigestible,  unless  young 
and  tender.     There  are  several  varieties  of  the  former,  weighing  from  two 
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Fig.  18.— Chemical  Composition  of  Poultry  in  Comparison  with  Steak  and  Chop. 
(Bull.  467,  U.  S.  Dept.  Agric.) 
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to  seven  pounds.  The  flesh  of  the  duck  is  dark  and  juicy  and  not  as  hard 
to  digest  as  the  goose  flesh.  There  are  several  varieties  of  geese,  some 
weighiii<»:  from  24  to  »38  pounds.  (loose  flesh  is  highly  prized  in  Ger- 
many, where  it  is  eaten  in  every  conceivahle  form.  Goose  fat  is  eaten 
by  orthodox  Hebrews.  They  consider  it  an  excellent  constituent  for  many 
dishes. 

PCiie  de  Fo'ie  Gras  is  made  l)v  fattening  fxcoHo  in  such  a  manner  as 
to  induce  fatty  infiltration  of  the  liver.  This  has  long  been  an  industry 
in  1^'rance  and  Germany.  These  livers  sometimes  develop  to  an  enormous 
size,  weighing  two  to  three  pounds. 

Guinea  Fowls. — Guinea  fowls  are  domesticated  African  pheasants. 
Their  flesh  is  tender  and  very  well  flavored.  The  hens  are  preferred  for 
the  table.  Both  the  flesh  and  the  eggs  are  considered  a  delicacy.  The 
young  caponizcd  birds  have  flesh  like  that  of  the  partridge  and  the  older 
ones  like  that  of  the  pheasant.     The  meat  is  dark  but  highly  nutritious. 

Pigeons. — Pigeons  are  more  sought  after  as  a  food  in  Europe  than  in 
America.  They  are  classed  among  the  domestic  white-fleshed  birds.  The 
young  birds,  squabs,  are  best  for  eating.  The  cultivation  of  squabs  is 
quite  an  active  industry  in  this  country,  because  the  demand  exceeds  the 
supply.  The  squab  is  a  delicacy  for  both  the  invalid  and  epicure.  The 
adult  pigeon  is  not  so  well  flavored  and  requires  long  cooking  to  make  it 
palatable. 

^MLD  FOWL.— Some  birds,  such  as  wild  turkeys,  geese  and  ducks, 
pigeons,  quail,  partridge,  snipe,  grouse,  woodcock,  pheasants,  rice  birds 
and  prairie  chickens,  when  "high"  are  preferred  by  many  persons  to  the 
domestic  fowls. 

The  wild  turkey,  goose  and  duck  are  like  the  domesticated  birds  of  the 
same  species.  The  available  energy  of  the  edible  portions  is  about  the 
same  as  in  domesticated  birds.  The  flavor,  however,  of  the  wild  birds  is 
better. 

The  meat  of  game  birds,  like  that  of  all  wild  animals,  is  rather  harsh 
and  tough  and  their  fat  more  strongly  flavored.  The  flesh  of  the  smaller 
game  birds,  as  quail,  partridge,  snipe,  grouse,  w^oodcock  and  rice  birds  is 
considered  a  delicacy;  the  meat  of  the  breast  is  best  adapted  for  invalids, 

DANGER  OF  "HANGING"  GAME.— The  habit  of  hanging  game  until  it 
gets  high  is  quite  objectionable  and  decidedly  unhygienic.  When  it  is 
hung  up  for  this  purpose  and  allowed  to  become  malodorous,  putrefaction 
is  already  well  under  way.  This  process  of  decay  not  only  rapidly  leads 
to  decomposition  and  the  development  of  toxins,  but  is  a  genuine  hotbed 
for  microorganisms,  which  may  cause  gastric  troubles  and  enteric  dis- 
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orders.  Such  practices,  which  are  bound  to  endanger  the  health  even  of 
the  most  robust,  should  be  condemned. 

High  game,  on  account  of  the  toxic  substances  it  contains,  is  even 
dangerous  to  the  circulatory  system;  the  toxins  contract  the  small  blood 
vessels  and  thereby  put  extra  work  upon  the  heart.  For  this  reason,  in 
critical  cases  of  cardiac  aifection  and  high  blood  pressure  and  in  Bright's 
disease,  it  should  not  be  eaten. 

When  meat  is  stale  or  game  high  it  is  positive  evidence  that  putrefac- 
tive changes  have  taken  place  by  bacterial  action,  whereby  certain  alka- 
loidal  substances  of  the  nature  of  ptomains  and  leucomains  of  an  exceed- 
ingly poisonous  nature  are  formed.  When  such  food  is  ingested  and  ab- 
sorbed, serious  and  even  fatal  results  often  follow. 

Analyses  of  Meat. — For  analyses,  comparative  nutritive  and  fuel 
values  of  butchers'  meats,  consult  Volume  I,  Chapter  XIX,  page  693. 
For  analyses,  comparative  nutrition  and  fuel  value  of  poultry  and  game, 
consult  Volume  I,  Chapter  XIX. 

FISH    AND    SHELLFISH 

Fish — The  flesh  of  fish  is  another  important  source  of  protein  food. 
It  is,  as  a  rule,  delicate  and  tender.  Fish  possesses  a  peculiar  flavor  com- 
mon to  all  fish,  but  different  from  the  meat  flavor  of  mammals  and 
birds.  Fish  flesh  is  less  stimulating  and  sustaining  and  not  so  satisfy- 
ing as  that  of  birds  and  mammals.  Fish  is  abundant  in  both  salt  and 
fresh  water  and  has  always  been  a  favorite  food.  It  forms  the  staple 
protein  food  of  a  large  number  of  the  earth's  inhabitants.  The  Japanese 
live  almost  entirely  on  fish  and  rarely,  if  ever,  eat  meat.  The  inhabitants 
of  distant  islands,  as  well  as  the  residents  of  the  metropolitan  centers, 
have  learned  the  value  of  fish  as  a  cheap  and  wholesome  source  of  nour- 
ishment. In  fact,  in  many  countries  fish  is  used  exclusively  as  a  nitrog- 
enous food.  The  readiness  with  which  the  flesh  of  fish  undergoes  de- 
composition changes  makes  it  necessary  to  use  this  food  fresh  from  the 
water,  or  to  subject  it  to  some  method  of  preservation,  either  salting, 
drying,  smoking  or  refrigeration.  All  methods  of  preserving  fish  m.odify 
its  flavor  and  detract  from  its  nutritive  value. 

For  different  varieties  of  fish,  their  chemical  composition,  their  nutri- 
tive value,  consult  tables  on  fish.  Volume  I,  Chapter  XIX. 

FISH  AS  SEASONABLE  FOOD.— All  fish  are  best  in  season,  as  out  of 
season  they  lose  their  flavor,  their  nutritive  value  is  lessened,  and  in 
some  species  an  offensive  odor  is  developed,  due  largely  to  the  food  on 
which  they  subsist  or  other  causes.     Fish  are  in  best  condition  for  eating 
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just  before  spawning;  after  this  period  they  become  thin  and  unfit  for 
food.  The  popuhir  fallacies  that  because  fish  have  a  large  percentage  of 
phosphorus  thov  therefore  constitnte  a  good  "hrajn  food"  and  that  they 
possess  aphrodisiac  properties,  are  erroneous  theories.  It  is  now  well 
known  that  many  fish  contain  less  of  this  element  than  meat. 

MOST  DIOESTIBLK  FISH.— The  most  digestible  fish  are  sole,  whiting, 
butter  fish,  blue  fish,  codfish,  vjhitefish,  flounder,  bass,  mountain  trout, 
fresh  haddock,  red  snapper,  perch,  shad  and  smelt.  Pavy  says,  "Of  all 
fish,  the  whiting  may  be  regarded  as  the  mast  delicate,  tender,  easy  of 
digestion  and  least  likely  to  disagree  with  digestion." 

Fish  as  Invalid  Food. — Fish  having  white  Hesh  constitute  an  excel- 
lent food  for  invalids  and  convalescents.  Fish  intended  for  the  sick 
should  be  cooked  by  broiling  or  boiling  f  not  frying). 

The  exact  chemical  composition  of  cooked  fish,  of  the  more  common 
varieties,  is  shown  in  the  following  analysis  by  ^liss  Katherine  Williams, 
published  in  the  Journal  of  the  Chemical  Society,  LXXI,  page  049: 

ANALYSIS  OF  COOKED  (BOILED)  FISH  AS  SERVED  AT  .TABLE 


Fish 

Part  Analyzed 

Waste 

(Bones, 

etc.) 

Gelatin 

Water 

Nutrients 

Herrings 

Whole 

11.74 

17.90 

4.91 

5.99 

8.23 

11.66 

10.51 

15.99 

6.13 

35.10 

21.50 

31.20 

6.84 

22.02 
26.17 

18^86 
24.28 
24.37 
46.30 

'7:84 

20.91 

8.19 

0.63 

6.90 

6.53 
0.55 
1.09 
0.25 
0.43 
0.33 
0.80 
0.86 
0.59 
0.03 

0.74 
1.42 

6.38 
2.41 
0.65 
0.65 

0.26 
0.98 
0.19 

52.99 

46.03 

61.50 

42.17 

61.06 

67.12 

53.29 

65.21 

63.78 

67.68 

46.46 

61.29 

53.09 

69.35 

79.86 

61.18 

56.56 

77.71 

65.20 

50.05 

56.52 

39.13 

63.49 

78.01 

60.82 

57.49 

34.54 

Salt  Herrings 

Sprats 

Flesh 

53.97 

Whole 

19.70 

Sardines  . 

(< 

52.92 

Salmon 

Section 

32.02 

Trout 

Whole 

24.10 

Eels 

Heads  removed. . . 
Whole 

33.96 

Mackerel 

24.03 

Cod 

Section 

19.79 

Salt  Cod. 

(( 

25.86 

Haddock 

Whole    .   . 

17.64 

Whiting 

li 

16.35 

Turbot 

Anterior  and  head. 
Section 

15.12 

Halibut 

23.78 

Plaice 

Flesh 

20.14 

Soles 

Whole 

16.06 

Lemon  Soles 

Oysters 

Shell  contents. .  . . 
Whole 

15.85 
22.29 

Smelts 

15.56 

Red  Mullet 

<< 

23.26 

Roach 

u 

18.46 

Gurnet 

i( 

13.92 

Tunny 

Flesh  from  section 
Section 

36.51 

Hake 

13.89 

John  Dory 

Brill 

Whole 

17.29 

Section 

34.13 
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ANALYSIS  OF  COOKED  FISH 


Fish 

Water 

in 
Flesh 

Reducing 
Substances 

in  Dry 
Matter  as 

Glucose 

Ash  in 
Dry 
Sub- 
stance 

Solids  in  Dry  Substances 

N. 

Fat 

Protein 

Herrings 

Salt  Herrings . 

Sprats 

Sardines 

Salmon 

Trout 

Eels 

60.54 
46.03 
75.77 
44.35 
65.32 
73.58 
61.08 
73.13 
76.32 
72.35 
72.37 
78.78 
77.84 
74.47 
77.86 
79.20 
78.11 
77.71 
80.73 
68.26 
75.37 
73.77 
63.49 
84.88 
77.89 
62.74 

17.59 

9.88 

14.89 

4.68 

8.91 

13.93 

6.67 

7.14 

13.15 

17.54 

11.81 

11.56 

11.87 

14.80 

18.32 

2.17 

9.79 

6.28 

14.77 

13.64 
14.29 

5.56 

19.69 
6.42 

12.03 
4.94 
6.60 
2.11 
4.07 
3.31 

14.26 
3.28 
1.92 
2.41 
4.11 
4.06 
3.47 
4.42 

12.16 
4.73 
5.42 
1.08 
3.53 
5.52 
3.90 
3.06 
4.42 

11.11 
7.12 
9.26 
8.54 
10.70 
11.96 
7.36 
10.46 
15.30 
12.41 
13.11 
13.28 
13.76 
13.32 
13.02 
14.00 
11.04 
11.85 
11.61 
11.59 
13.03 
14.24 
10.55 
12.86 
13.32 
15.49 

25.25 

21.90 

27.37 

33.49 

29.43 

8.84 

44.68 

25.73 

1.15 

0.94 

1.29 

1.86 

4.75 

15.81 

9.84 

1.71 

12.96 

7.77 

9.76 

24.52 

15.03 

1.81 

30.68 

5.67 

8.52 

1.62 

67.07 
38.88 
57.94 
55.44 
56.65 
80.00 
42.88 

Mackerel 

Cod 

62.32 
91.55 

Salt  Cod 

Haddock 

Whiting 

Turbot 

Halibut 

Plaice 

Soles 

76.06 
79.57 
79.55 
84.71 
76.67 
75.16 
86.71 

Lemon  Soles.. 

Ovsters 

Smelts 

Red  Mullet... 

Roach 

Gurnet 

Tunny 

Hake 

John  Dory.  . . 
Brill 

69.88 

65.42     . 

82.59 

66.26 

79.14 

89.16 

66.08 

81.36 

79.53 

93.95 

FISH  AND  DISEASE.— It  is  a  well  known  fact  that  the  flesh  of  birds 
which  live  largely  upon  a  fish  diet  have  a  peculiar  fishy  odor.  It  is  also 
said  that  people  who  subsist  largely  upon  a  fish  diet  have  a  peculiar 
rancid  odor.  Some  skin  diseases  may  be  caused  and  others  aggravated 
by  a  prolonged  fish  diet.  The  impression  that  fish  eating  produces  a 
tendency  to  leprosy  is  not,  in  the  opinion  of  the  authors,  well  founded, 
for  leprosy  often  occurs  in  places  where  fish  is  not  a  common  article  of 
food  and  even  in  places  where  fish  is  difiicult  to  obtain. 

USE  OF  FISH  AS  FOOD  IN  COAST  C0UNT:RIES.— In  all  countries  which 
have  extensive  coasts,  fish  is  an  important  article  of  diet.  From  the 
earliest  times  the  Greeks  and  Romans  highly  esteemed  fish  as  food  and 
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oven  placed  extravagant  value  upon  certain  varieties  as  a  nitrogenous 
food.  The  inhabitants  of  the  British  Isles,  according  to  Tibbies,  *'have 
always  had  an  abundance  of  fish  and  have  eaten  of  the  best  varieties. 
The  J^riton  of  today  who  desires  light  and  nourishing  food  has  plenty 
of  fish  on  the  table,  most  of  which  is  a  valuable  source  of  nitrogen  and 
phosphorus  and  easy  of  digestion." 

Fish  ix  Ameuica. — Reliable  information  collected  by  the  U.  S.  Fish 
Commission  places  the  total  weight  of  fish  produced  annually  in  America 
at  2,160,000,000  pounds  and  its  value  at  $58,000,000.  The  greater  part 
of  this  is  consumed  in  the  United  States,  although  a  considerable  cpuin- 
tity  is  canned  for  export.  This  estimate  does  not  include  the  hundreds 
of  thousands  of  pounds  caught  by  sportsmen. 

TREATMENT  OF  FISH  FOR  PRESERVATION.— Fish  should  be  killed  tho 
moment  they  are  taken  from  the  water,  for  when  allowed  to  die  by  slow 
degrees,  in  or  out  of  the  water,  they  undergo  decomposition  more  quickly 
than  if  killed  at  once.  The  preservation  of  fresh  fish  during  transpor- 
tation to  market  is  best  attained  by  chilling  or  freezing.  Recent  obser- 
vations have  demonstrated  the  fact  that  when  meat  is  stored  at  32^  F., 
the  activity  of  the  microorganisms  is  checked.  The  action  of  certain  fer- 
ments normally  present  in  meat,  however,  is  not  checked  and  this  explains 
why  meat  may  undergo  a  ripening  in  cold  storage  without  decaying.  The 
deductions  reached  with  regard  to  fish  are  that,  although  a  temperature 
of  32°  F.  effectually  checks  the  action  of  microorganisms  and  hinders 
putrefaction,  yet  the  enzymes  normally  present  in  the  flesh  of  fish  act 
prejudicially  and  produce  bodies  emitting  unpleasant  odors,  so  that, 
although  the  fish  is  not  actually  decayed,  it  is  far  from  tasty  and 
palatable  (10). 

VALUE  OF  FISH  ROE. — Fish  roe  ordinarily  possesses  very  little  nu- 
tritive value  and  serves  principally  as  a  relish.  Shad  roe,  thoroughly 
cooked,  is  very  nutritious.  Sturgeon  roe,  or  caviare,  which  is  principally 
used  as  an  "appetizer,"  is  difiicult  of  digestion,  especially  when  old,  black 
or  slightly  rancid.  Good  caviare  should  be  of  a  grayish  color  and  the 
separate  eggs  easily  perceived.  The  proteins  of  fish  roe  contain  a  good 
deal  of  nuclein.  Fatty  fish  is  contra-indicated  in  all  cases  of  dyspepsia, 
arthritis,  obesity,  Bright's  disease  and  cardiac  ailments.  To  the  list  may 
be  added  liver  complaints,  uremia  and  gout. 

Composition  of  Fish  and  Meat. — The  following  table,  from  Tib- 
bies' "Foods  and  Their  Manufacture,"  shows  the  comparative  value  of 
fish  and  meat: 
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COMPARATIVE  VALUE  OF  FISH  AND  MEAT 


Variety 

Refuse 

Nutrients, 

PER   CENT 

Calories 

per 
pound 

Cost 

per 

pound 

Cost  of 
Protein 

per 
pound 

Cost  of 

1,000 

Calories 

of  energy 

Protein 

Fat 

Codfish  Steak 

Bluefish       

9.2 
48.6 
17.7 
24.9 
19.7 
14.2 

13.0 

17.0 
10.0 
15.3 
19.0 
13.9 
19.5 
25.0 
24.6 
16.0 
20.3 
19.8 

.5 

.6 

4.0 

.4 

21.4 

7.5 

3.5 

4.5 

33.0 

19.0 

20.8 

327 

204 

454 

363 

1,107 

658 

615 

605 

1,695 

1,180 

1,245 

12 
12 
18 
7 
10 
12 
20 
14 
20 
12 
22 

.71 

1.20 

1.18 

.44 

.61 

.62 

1.52 

.74 

1.48 

.90 

1.55 

38 
58 

Halibut 

40 

Codfish  (salt  dried) 
Mackerel 

23 
10 

Salmon  (canned)..  . 
Beef:  Sirloin  steak. 

Round 

Mutton  chop 

Pork:  Loin 

Smoked  ham 

18 
21 
16 
14 
10 
14 

Shellfish  or  Sea  Foods. — Shellfish  or  sea  foods  most  commonly  used 
for  food  may  be  divided  into  two  groups — crustaceans  and  mollusks. 

CRUSTACEANS.— The  crustaceans  include  the  lobster,  crab  and  shrimp. 
These  animals,  when  alive,  are  greenish  in  color,  but  on  boiling  turn  a 
bright  red.  It  is  the  skeleton  that  turns  red,  as  the  animal  meat  is  on 
the  inside  of  the  shell  or  armor. 

Lobster. — The  lobster  varies  in  length  from  ten  to  fifteen  inches  and 
is  found  abundantly  along  the  'New  England  coast.  They  are  esteemed 
as  a  rich  and  nourishing  aliment  when  fresh,  but  are  dangerous  when 
out  of  season  or  when  not  cooked  alive.  They  are  highly  poisonous  to 
some  persons,  even  when  fresh  and  properly  served.  They  may  excite 
nausea,  vomiting  and  even  gastro-enteritis,  especially  if  eaten  with  other 
foods.  In  other  individuals  they  sometimes  cause  urticaria  and  aggra- 
vate existing  skin  affections. 

Chemical  Analysis  of  Shellfish. — For  the  chemical  analysis  of 
shellfish  consult  Volume  I,  Chapter  XIX. 

Crabs. — There  are  several  species  of  crabs,  including  the  hard  and 
soft  shell  crabs,  along  the  Atlantic  and  Pacific  shores  of  America.  The 
most  highly  appreciated  crab  is  found  along  the  middle  and  southern 
Atlantic  shores.  The  flesh  of  the  crab  is  neither  so  delicate  nor  so  diges- 
tible as  that  of  the  lobster.  The  soft  shell  crabs  are  those  which  are 
caught  just  after  shedding.  The  hard  shell  crabs  are  sea  scavengers,  and 
when  not  thoroughly  cleaned  or  imperfectly  cooked  may  be  poisonous 
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from  contamination  with  putrid  matter,  although  their  own  flesh  may  be 
wholesome. 

SiiKiMPs,  Prawns  and  Cahmotes. — Shrimps  are  abundant  all  along 
the  sandy  shores  of  America.  Prawns  are  somewhat  larger  and  inhabit 
the  deeper  waters  near  land  in  the  vicinity  of  rocks.  Carmotes  are  lar^r 
shrimps,  common  in  ^Mediterranean  waters.  They  are  all  tasty  morsels, 
with  a  fair  amount  of  nutrition.  The  flesh  of  shrimps  and  prawns  is 
less  dangerous  than  that  of  lobster  and  crabs.  It  is  more  delicate  and 
rather  rich  in  mineral  matter.  Moreover,  they  are  eatable  without  sauce 
or  other  bothersome  additions. 

Turtles. — Turtles,  inhabiting  both  fresh  and  salt  water,  are  impor- 
tant foods.  The  green  turtle,  sometimes  weighing  hundreds  of  pounds, 
is  used  chiefly  for  making  green  turtle  soup,  which  is  a  highly  esteemed 
luxury  as  well  as  a  stimulating,  nutritious  food.  The  fresh-water  tor- 
toises constitute  a  large  family,  of  which  the  chicken  tortoise  is  most 
esteemed,  its  flesh  having  the  flavor  of  chicken.  It  is  nutritious  and  a 
highly  prized  luxury. 

Terrapin. — The  diamond  hack  terrapin  is  cultivated  for  the  markets 
in  the  regions  of  the  Chesapeake  Bay,  Charleston,  S.  C,  and  Savannah, 
Ga.  The  flesh  is  liked  by  epicures  for  its  digestibility  and  agreeable 
flavor. 

Frogs'  Legs. — Frogs'  legs  are  now  a  standard  food  on  the  market. 
The  hindquarters  are  the  desirable  portions.  They  are  in  best  season  in 
the  autumn  and  winter.  The  flesh  has  an  extremely  delicate  flavor,  tastes 
something  like  chicken  and  is  easily  digested. 

MOLLUSKS.— Mollusks  include  oysters,  clams,  mussels,  scallops  and 
snails. 

Oysters — Their  Food  Value  and  Culture. — Oysters  are  grown  in 
shallow  salt  waters  in  numerous  localities  throughout  the  temperate  zone. 
They  thrive  best  near  the  mouths  of  rivers  where  the  water  is  brackish. 
Kaw  oysters  are  very  digestible.  When  properly  cooked  oysters  are  often 
recommended  as  a  food  for  the  invalid.  There  are  many  varieties  of 
oysters  on  the  market,  but  the  most  appreciated  are  the  Blue  points,  from 
the  Long  Island  waters;  the  Lynhavens,  from  Chesapeake  Bay;  Rocka- 
way  oysters,  from  Rockaway,  on  Long  Island,  and  the  Shrewsbury,  from 
the  New  Jersey  coast. 

The  oyster  has  never  fully  come  into  its  own,  possibly  because  of 
prejudice  and  partly  because  the  people  of  the  interior  have  not  been  able 
until  recently  to  get  it  at  its  best.  The  average  quality  of  oysters  has 
been  greatly  improved  during  recent  years  as  a  result  of  oyster  culture, 
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which  sprang  from  the  demand  on  the  part  of  the  luxurious  few  in  the 
larger  cities  for  ^^fancy"  oysters. 

It  can  he  truly  said  today  that  oysters  are  very  sanitary  and  better 
than  ever  before  and  that  there  is  as  good  a  guarantee  of  their  whole- 
someness  as  there  is  of  milk,  strawberries  or  fresh  vegetables  not  usually 
cooked  before  consumption.  If  oysters  are  cooked  there  is  a  double 
guarantee. 

The  United  States  and  many  municipal  governments  have  realized 
the  advisability  of  supervision  and  inspection,  and  there  is  now  exercised 


Fio.  19. — Correct  Anatomy  of  the  Oyster.  This  photograph  was  taken  by  Dr.  Hugh 
Smith,  who  says:  "It  is  an  astonishing  biological  fact  that  in  some  species  of 
oyster  each  sex  is  represented  by  a  different  individual,  as  in  the  oyster  of  the 
Atlantic  coast  of  North  America;  while  in  other  species,  both  sexes  are  united  in 
one  individual — the  male  stage  alternating  with  the  female,  as  in  the  common 
oyster  of  the  Atlantic  coast  of  Europe." 

close  scrutiny  of  the  sources  of  oysters  which  are  offered  on  the  markets. 
Oyster  culture  has  gradually  developed  in  the  United  States  until  at  the 
present  time  nearly  half  of  the  oysters  produced  in  the  country  and  about 
two-thirds  of  the  total  value  of  the  product  are  derived  from  artificial 
beds,  privately  owned  or  leased  by  the  states.    Beginning  in  shoal  waters 
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along  shore,  the  oyster  growers  have  extended  tlieir  operations  into  the 
deep  open  waters  of  Long  Island  Sound,  the  Chesapeake  Bay,  and  to 
every  coastwise  state  from  Maasachnsetts  to  Texas  and  from  Washing- 
ton to  lower  California.  The  few  small  hoats  first  employed,  propelled 
by  sails  or  oars,  have  given  place  to  fleets  of  motor  boats  and  steamers. 
In  1911  oyster  planters  spread  17,000,000  bushels  of  young  oysters,  shells 
and  gravel  over  tlioir  500,000  acres  of  oyster  farms  and  harvested  a  crop 
of  15,000,000  bushels  of  oysters  worth  approximately  $10,000,000. 

Clams. — Clams,  like  oysters,  are  found  along  the  coast,  and  are  most 
commonly  used  at  the  seashore.  In  composition  they  are  very  similar  to 
the  oyster.  There  are  three  principal  varieties,  the  soft,  hard  and  little 
neck  clams.  All  are  used  for  food.  The  soft  clam  is  the  favorite  for 
*^clam  bakes,"  the  little  necks  are  eaten  raw,  like  oysters,  while  the  hard 
clam  is  used  for  broth  or  chowder.  They  have  a  pleasant  flavor  and  their 
nutritive  value  is  well  established,  but  they  are  not  as  easily  digested  as 
oysters. 

Scallops. — Scallops  belong  to  the  oyster  family  and  are  obtained 
along  the  New  England  coast.  They  are  in  season  from  September  to 
March.  The  flesh  of  the  scallop  is  very  nutritious.  Their  use  is  contra- 
indicated  in  diabetes,  since  they  contain  much  glycogen. 

Mussels. — Mussels  are  bivalve  mollusks.  The  common  mussel  is  to 
be  found  in  both  salt  and  fresh  water.  Although  used  as  food  to  a  con- 
siderable extent,  they  do  not,  like  oysters,  form  a  dainty  dish.  Economic- 
ally they  are  of  more  value  for  the  pearls  found  In  them  than  for  their 
flesh. 

Snails. — Snails  deserve  mention,  as  in  some  countries  they  are  con- 
sumed as  food  in  great  quantities.  They  are  hard,  tough  and  indigestible, 
and  must  be  made  appetizing  by  the  use  of  spicy  condiments.  They  are 
unfit  for  the  sick-room  and  have  nothing  in  their  favor  for  the  hale  and 
hearty. 

MILK   AND   MILK    PRODUCTS 

Milk — Milk  is  the  secretion  of  the  mammary  gland  and  is  confined  to 
the  mammalia.  It  is  intended  for  the  nourishment  of  the  young  animal 
whose  mother  secretes  the  fluid  and  contains  all  the  ingredients  needed 
for  complete  nourishment  in  just  the  right  proportion  which  science  and 
experience  show  should  be  contained  in  a  well  balanced  ration. 

Milk  contains  proteins,  which  furnish  the  building  material  for  the 
wear  and  tear  of  the  body ;  fats  and  carbohydrates,  which  are  the  fuel  to 
keep  the  body  warm  and  furnish  it  with  energy  and  power  to  do  its  work, 
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and  the  necessary  amount  of  water  required  by  the  body,  all  combined 
with  the  inorganic  salts,  without  which  life  cannot  continue. 

COMPOSITION  OF  MILK. — The  composition  of  milk  has  been  studied 
possibly  more  than  that  of  any  other  food  product.  As  a  result,  a  large 
amount  of  reliable  information  is  available.  Milk  is  an  opaque  fluid, 
containing  fat,  4  per  cent ;  casein  and  various  other  proteins,  4  per  cent ; 
milk  sugar,  4.5  per  cent;  mineral  salts,  0.6  per  cent;  and  water,  87  per 
cent.  These  are  not  filtered  from  the  blood  by  the  mammary  gland,  for 
milk  sugar  and  casein  do  not  exist  in  the  blood.  They  are  products  of 
metabolism  in  the  cells  of  the  gland  itself.  These  cells  are  rich  in  pro- 
teins and  nucleoproteins,  one  of  the  latter  yielding  pentose  and  guanin. 

Casein. — Casein  arises  by  the  union  of  the  nucleic  acid  from  the  cell 
nucleus  and  serum  albumin,  thereby  forming  a  nucleo-albumin,  or,  ac- 
cording to  more  recent  classifications,  a  phosphoprotein. 

Fat. — Fat  is  a  normal  constituent  of  the  protoplasm  of  cells.  Dur- 
ing the  period  of  lactation  the  cells  undergo  a  rapid  fatty  metamorphosis 
and  the  globules  of  milk  are  derived  in  this  manner,  being  liberated  by  a 
destruction  of  cells.  It  is  an  unsettled  question  whether  the  fat  of  milk 
is  set  free,  but  it  is  probable  that  fats  which  have  been  assimilated  from 
food  are  taken  up  by  the  cells.  It  is  known  that  cattle  secrete  more  fat 
than  is  contained  in  the  food  which  they  consume  and  it  is  evident,  there- 
fore, that  it  is  produced  by  the  metabolism  of  proteins  and  carbohy- 
drates. 

Milk  Sugar. — Neither  is  the  origin  of  milk  sugar  clearly  under- 
stood. We  know  that  lactose  is  a  disaccharid  consisting  of  a  molecule 
of  dextrose  and  galactose,  probably  formed  in  the  glands  by  a  synthetic 
process.  A  large  number  of  vegetables  contain  both  these  sugars.  Phys- 
iology teaches  us  that  the  animal  body  is  capable  of  transforming  one 
kind  of  carbohydrate  into  another  and  we  believe  that  some  of  the  lactose 
may  arise  from  the  transformation  of  dextrose  into  galactose. 

Salts  and  Suspended  Matter. — The  salts  are  derived  from  the 
blood.  The  suspended  matter  is  milk  fat  and  a  small  proportion  of  casein 
in  particles  too  fine  to  be  arrested,  except  by  stone  filtration. 

Comparison  of  Milk. — The  following  table,  taken  principally  from 
Konig,  gives  the  comparison  of  the  milk  of  different  animals. 

A  study  of  the  above  comparative  table  shows  woman's  milk  to  be 
richer  in  sugar,  but  poorer  in  protein,  than  cows'  milk,  yet  the  fuel  value 
is  about  the  same.  Dogs'  milk  appears  to  be  the  richest,  whereas  that  of 
the  mare  is  exceedingly  poor.  Not  only  is  there  a  wide  variation  in  the 
milk  of  different  animals,  but  cows'  milk,  as  we  all  know,  is  subject  to 
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COMPARATIVE  COMPOSITION  OF  MILK  OF  VARIOUS  ANIMALS 


Water 

Total 
Solids 

Casein 

Protein 

Mineral 

Matters 

(Ash) 

Fuel 
Value 

per 
pound 

Kind  of 
Milk 

Albu- 
min 

Total 
Pro- 
tein 

Fat 

Carl)o- 

hydriitea 

(Milk 

Sugar) 

Woman . 
Cow .... 

Dog 

Ewe 

Buffalo. . 

Cat 

Goat. .  . . 
Llama. . . 

Ass 

Mare..  . . 

% 
87.4 
87.2 
75.4 
80.8 
81.4 
82.1 
85.7 
86.5 
89.6 
91.5 

% 
12.6 
12.8 
24.6 
19.2 
18.6 
17.9 
14.3 
13.5 
10.4 

8.5 

% 
1.0 
3.0 
6.1 
5.0 
5.8 
3.1 
3.2 
3.0 
0.7 
1.2 

% 
1.3 
0.5 
5.1 
1.5 
0.3 
6.0 
1.1 
0.9 
1.6 
0.1 

% 
2.3 
3.5 
11.2 
6.5 
6.1 
9.1 
4.3 
3.9 
2.3 
1.3 

% 
3.8 
3.7 
9.6 
6.9 
7.5 
3.3 
4.8 
3.2 
1.6 
1.2 

% 
6.2 
4.9 
3.1 
4.9 
4.1 
4.9 
4.4 
5.6 
6.0 
5.7. 

% 
0.3 
0.7 
0.7 
0.9 
0.9 
0.6 
0.8 
0.8 
0.5 
0.3 

Calories 
319 
313 
671 
503 
506 
400 
365 
312 
222 
180 

great  variations  in  the  percentage  composition  of  its  component  parts. 
As  a  rule,  a  young  cow  produces  better  milk  than  an  old  one  and  a  well 
fed  animal  with  free  pasturage  yields  richer  milk  than  one  poorly  fed, 
or  one  well  fed  and  confined  in  a  stall. 

THE  FOOD  VALUE  OF  MILK.— L^nless  otherwise  stated  our  present 
studies  refer  to  cows^  milk.  Federal  government  experts  estimate  that 
about  sixteen  per  cent  of  the  ordinary  American  diet  consists  of  milk  or 
milk  products.  These  figures  attest  the  value  of  milk  and  the  very  im- 
portant place  it  has  in  the  diet  even  for  adults.  The  milk  of  the  cow, 
therefore,  is  a  very  important  foodstuif,  being  of  a  superior  nutritive 
character.  It  is  adaptable  for  combination  with  a  large  variety  of  other 
articles  of  food. 

Milk  Not  a  Perfect  Food. — The  statement,  without  qualification, 
that  milk  is  a  perfect  food  is  somewhat  misleading,  for  while  it  may  be 
a  perfect  aliment  for  the  suckling,  it  does  not  necessarily  meet  all  the  de- 
mands of  the  adult.  Besides  milk  contains  more  protein  than  is  required 
by  an  adult.  Again,  it  is  rather  too  dilute  a  food  for  adiilt  consumption, 
as  it  would  require  from  four  to  five  quarts  daily  to  furnish  sufficient 
nourishment,  which  would  be  about  equal  to  six  ounces  of  bread  or  three- 
fourths  of  a  pound  of  beef.  While  it  is  quite  true  that  it  contains  all  the 
required  elements  for  growth  and  development  of  the  young  mammal,  yet 
it  lacks  certain  properties  which  would  make  it  suitable  as  a  well  balanced 
ration  for  the  adult  individual.  It  may  be  said,  however,  that  it  is  too 
perfect  a  food  for  ordinary  adult  consumption,  as  every  particle  of  it  is 
assimilated,  leaving  no  indigestible  residue  necessary  for  the  normal  action 
of  the  alimentary  canal. 
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Organic  and  Inorganic  Constituent?'  of  Milk. — The  chief  or- 
ganic and  inorganic  constituents  of  milk  and  their  percentages  are  graph- 
ically shown  in  the  schemes  of  Van  Slyke(ll)  and  Babcock,  Bulletin  No. 
41,  Hygienic  Laboratory: 

VAN    SLYKE 


Milk,  100 


Water,  87.1 

/Fat,  3.9 

Solids,  12.9  I  solids,  not  fat,  9.0 


100.0 

{Carbon  dioxid 
Nitrogen 
Oxygen 


12.9  < 


f  Nitrogen  com- 
pounds, 3.2 
Milk  Sugar,      5.1 
,  Ash  (salts),      0.7 

9.0 


Casein, 


2.5 


Albumin,  etc.,  0.7 
3.2 


By  this  it  will  be  seen  that  the  average  percentages  of  food  elements 
in  cows'  milk  is  more  nearly  fat  4,  proteins  3.5  and  carbohydrates  5,  than 
the  4,  4,  4  percentages  usually  calculated,  in  top  milk  formulas,  or  even 
4,  3.5  and  4.5,  as  often  followed. 

DIGESTION  OF  MILK.— Digestion  of  milk  in  the  stomach  is  not  accom- 
plished as  quickly  as  might  be  supposed.  While  milk  is  a  fluid  outside  of 
the  body,  yet,  when  it  enters  the  stomach,  it  is  immediately  coagulated  by 
the  hydrochloric  acid  and  rennin  of  the  gastric  juice.  These  curds  or  co- 
agula  set  into  a  hard  clot  formed  by  the  precipitation  of  casein  and  a  por- 
tion of  the  fat  that  has  become  entangled  in  the  curd.  Since  the  gastric 
juice  is  an  acid  fluid,  it  is  surprising  at  first  thought  that  curdling  does 
not  take  place  instead  of  clotting.  That  this  does  not  happen  can  be  ex- 
plained by  the  fact  that  the  alkaline  salts  of  the  milk  neutralize  the  acid 
first  secreted  by  the  stomach,  and  gives  the  rennin  time  to  act  before  the 
mixture  has  become  acid  in  reaction. 

Milk  Clots. — These  clots  vary  in  size  and  consistence,  depending 
somewhat  on  the  quantity  and  dilution  of  the  milk  ingested.  The  casein 
is  soon  converted  into  some  form  of  peptone  and  the  fat  is  again  set  free. 
The  albuminous  covering  of  the  fat  globules  is  dissolved,  coalesces  and 
forms  drops,  iii  which  L'hape  it  passes  into  the  duodenum.  A  portion  of 
the  water  and  inorganic  salts  is  absorbed  by  the  stomach. 

After  the  clot  of  casein  has  once  formed  in  the  stomach  it  shrinks  into 
a  hard  leathery  mass,  which  offers  great  resistance  to  the  digestive  efl'orts 
of  the  organ.  If  the  milk  merely  curdled,  the  act  of  digestion  would  be 
less  difficult,  for  the  particles  of  precipitated  casein  would  be  digested 
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BABCOCK 

Milk,  100 

Butter  fat,  3.6 

Glycerids    of    insoluble    and    non-volatile 

acids 3.3 

Olein 
Palmitin 
Stearin 
Myristin 
Butin  (trace) 
Glycerids  of  soluble  and  volatile  acids...   0.3 

3.G 


Butyrin 
Caproin 
Caprylin  (trace) 

Milk  Serum,  96.4 

Containing  nitrogen    3.8 

Casein   3.0 

Albumin    0.6 

Lactoglobulin "j  0.2 

Galactin    I — 

Fibrin  (trace)  J  3.8 

Milk  Sugar   4.5 

Citric  acid  0.1 

Potassium  oxid 0.175 

Sodium  oxid  0.070 

Calcium  oxid 0.140 

Magnesium  oxid 0.017 

Iron  oxid 0.001 

Sulphur  trioxid 0.027 

Phosphoric  pentoxid  0.170 

Chlorin 0.100 
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Solids, 
not  fat,   9.1 

12.7  J 


Total 
solids,    12.7 


0.7 
Water .' 87.3 


100.0 


with  comparative  ease.    Tliis  is  one  of  the  reasons  why  buttermilk  is  more 
easily  digested  than  ordinary  milk. 

The  density  of  the  clot  which  milk  forms  in  the  stomach  depends,  on 
the  one  hand,  upon  the  amount  of  casein  and  lime  salts  which  it  contains, 
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and,  on  the  other  hand,  upon  the  degree  of  acidity  of  the  gastric  juice. 
The  richer  the  milk  is  in  casein  and  lime  salts,  and  the  more  acid  the  gas- 
tric juice,  the  tougher  is  the  clot.  By  reducing  the  proportion  of  these 
different  factors,  therefore,  the  clotting  of  the  milk  can  either  be  pre- 
vented altogether  or  made  to  take  place  in  such  a  way  that  the  clot  is  not 
of  great  toughness  and  density. 

Boiling  Diluents  to  Prevent  Clotting. — Boiling  lessens  the  di- 
gestibility of  the  milk,  causing  the  precipitate  to  be  finer  and  in  a  more 
flocculent  condition.  The  mere  dilution  of  milk  with  water  lessens  the 
percentage  proportion  of  lime  salts  and  casein,  making  it  more  easily  di- 
gested. The  dilution  must,  however,  be  at  least  half  and  half  if  any  great 
benefit  is  to  be  obtained  from  it.  Lime  water,  as  a  diluent,  is  by  far  more 
efficacious  than  ordinary  water.  Barley  ivater  is  a  favorite  diluent,  and 
while  it  has  in  itself  no  gTcater  power  of  preventing  clotting  than  ordi- 
nary water,  it  seems  to  some  extent,  by  its  slight  degree  of  viscidity,  to 
prevent  the  clot  from  shrinking  into  such  a  hard  mass. 

ABSORPTION  OF  MILK.— Absorption  of  milk  yields  from  400  to  450 
calories  per  pint  according  to  its  quality.  The  protein,  fat  and  carbo- 
hydrate content  is  almost  completely  absorbed.  Rubner  in  his  observa- 
tions on  the  absorption  of  milk  arrived  at  the  following  conclusions:  if 
four  pints  of  milk  be  absorbed  daily,  the  loss  of  dry  substance  amounts 
to  only  5.7  to  7.8  per  cent.  If  six  pints  be  consumed,  the  loss  amounts  to 
10.2  to  11.16  per  cent.  Wait  (Bui.  No.  35,  U.  S.  Dept.  Agriculture) 
found  the  absorption  of  milk  to  be  more  complete  as  a  mixed  food  than 
when  taken  alone: 

Milk  Digested  as  Milk  Digested  as 

Exclusive  Food  Bread  and  Milk 

Protein 92.1  per  cent  97.1  per  cent 

Carbohydrates     86.3  per  cent  98.7  per  cent 

The  absorption  of  milk  takes  place  after  it  leaves  the  stomach.  Milk, 
like  soup  and  a  few  other  articles  of  diet,  seems  to  produce  a  secretion  of 
gastric  juice  independently  of  reflex  nervous  influences.  It  is,  therefore, 
as  sure  to  be  digested  if  poured  into  the  stomach  through  a  tube,  as  if 
slowly  swallowed  in  the  ordinary  way.  As  soon  as  it  leaves  the  stomach 
and  is  poured  into  the  duodenum,  its  digestion  is  completed  by  the  pan- 
creatic juice.  This  digestive  ferment  from  the  pancreatic  gland  is  alka- 
lin  in  reaction  and  acts  very  powerfully  on  milk,  much  more  so  than  the 
acid  gastric  juice.    The  casein  of  milk  is  the  best  absorbed  of  all  proteins, 
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while  the  fat  of  milk  enters  the  blood  q\iite  as  readily  as  that  of  beef.  It 
has  been  demonstrated  that  the  fat  of  aerated  milk  is  absorbed  more  read- 
ily than  that  of  milk  which  has  not  boon  so  troatod.  It  is  an  interesting 
and  roniarkablo  fact  that  milk  is  nnich  hotter  absorlK'd  by  yonng  children 
than  by  adnlts.  In  the  case  of  babies,  tlu;  absorption  is  even  more  com- 
plete. The  possible  explanation  for  this  nuiy  l)e  a  ^eater  demand  for  the 
lime  salts  by  the  infant  and  a  more  complete  absorption  of  the  mineral 
constitnents  of  the  milk,  which  react  favorably  on  the  absorption  of  fat  of 
the  milk.  Unabsorbed  lime  salts  are  apt  to  form  insoluble  soapy  com- 
pounds with  fat  and  so  hinder  its  absorption.  The  comparative  absorp- 
tion of  raw  and  boiled  milk  has  been  the  subject  of  a  good  deal  of  experi- 
mental investigation.  One  observer  found  that  dogs  did  not  absorb  the 
casein  of  boiled  milk  quite  so  well  as  that  of  raw  milk,  while  the  absorp- 
tion of  fat  was  the  same  in  botli  cases. 

Boiling  of  !Milk. — The  bad  effects  of  boiled  milk  have  been  strik- 
ingly indicated  by  an  interesting  observation  made  upon  calves  by  Jensen, 
quoted  by  Czerny  and  Keller  in  Des  Kindes  Erndhrung:  "A  feeding  of 
boiled  milk  to  calves  as  the  first  meal  will,  in  most  cases,  call  forth  a  se- 
vere, and,  sometimes  even,  hemorrhagic  diarrhea,  which  as  a  rule  ends 
in  death  and  presents  the  same  picture  both  pathologically  and  bacterio- 
logically  as  the  typical  acute  dysentery  of  calves.  This  observation  was 
first  made  at  several  farms  where  there  had  been  no  severe  diarrheal  trou- 
bles, until,  with  the  introduction  of  tubercular  testing,  the  custom  arose 
of  feeding  the  calves  from  birth  on  boiled  milk.  Between  eighty  and 
ninety  per  cent  of  the  calves  thus  fed  died." 

Taking  the  whole  of  the  evidence,  the  conclusion  seems  to  be  justified 
that  just  as  boiling  does  not  appreciably  diminish  the  digestibility  of  milk 
in  the  human  stomach,  so  it  does  not  to  any  important  extent  interfere 
with  its  absorption  in  the  intestine. 

There  is  no  question  but  that  milk  is  absorbed  in  the  intestine  with 
far  less  expenditure  of  energy  than  any  other  food,  and  again,  milk  seems 
to  exercise  a  restraining  influence  upon  putrefactive  processes  in  the  in- 
testine. There  is  reason  to  believe  that  much  of  the  value  of  milk  diet  and 
"milk  cures"  is  the  diminished  absorption  of  putrefactive  products  from 
the  intestine. 

PERFECT  FOOD.— It  is  frequently  alleged  that  milk  is  a  perfect  food. 
This  claim  can  only  be  justified,  according  to  Hutchison,  in  the  case  of 
any  food  when  it  fulfils  the  following  conditions : 

"(a)  It  must  covtain  all  the  nutritive  constituents  required  by  the 
body:  proteins,  fats,  carbohydrates,  mineral  matter  and  water. 
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"(&)  It  must  contain  these  in  their  proper  relative  proportions. 

^\c)  It  must  contain  the  total  amount  of  nourishment  required  daily 
in  a  moderate  compass. 

^\d)  The  nutritive  elements  must  he  capable  of  easy  absorption  and 
yet  leave  a  certain  hulk  of  unahsorhed  matter  to  act  as  intestinal  ballast. 

^'(e)  It  must  be  obtainable  at  a  moderate  cost.^^ 

When  compared  by  weight  and  cost  with  other  articles  of  food,  tlie 
food  value  of  milk  is  found  to  be  reasonable,  yet  when  the  ordinary  por- 
tions usually  served  are  considered,  the  high  worth  of  milk  is  clearly 
shown. 

The  food  value  of  one-half  pint  of  milk  equals  approximately  two, 
large  eggs,  a  large  serving  of  lean  meat,  or  two  moderate  sized  potatoes.  It 
is  commonly  stated  that  one  quart  of  milk  is  about  equal  in  food  value  to 
any  one  of  the  following  (Rosenau)  : 


2  pounds 

of  salt  codfish 

f  pound  of  lean  round  beef 

3       " 

^^  fresh  codfish 

8  eggs 

2       " 

"  chicken 

2  pounds  of  potatoes 

4       " 

"  beets 

6       "         "  spinach 

5       " 

"  turnips 

7       "         "  lettuce 

i       " 

"  wheat  flour 

4       "         "  cabbage 

i       " 

"  cheese 

These  comparisons  are  misleading  in  a  way,  for  we  cannot  consider 
foods  alone  upon  their  total  caloric  value,  since  digestibility  and  assimila- 
tion as  well  as  the  chemical  composition  and  fuel  value  must  be  carefully 
taken  into  consideration.  The  table  on  the  following  page  gives  instruc- 
tive comparisons  between  the  fuel  value  and  cost  of  milk  and  a  few  other 
standard  foods.^ 

Milk  Not  a  Perfect  Food. — The  claim  that  milk  is  a  perfect 
food  has  already  been  discussed,  but  we  will  again  briefly  refer  to  this  point. 
There  is  no  question  but  that  milk  contains  all  the  nutritive  constituents 
required  by  the  body,  but  it  is  too  rich  in  protein  and  fat,  and  too  poor 
in  carbohydrates,  to  be  a  perfect  food.  The  requisite  3,000  calories  of 
daily  energy  would  require  about  8  pints  of  milk,  which  would  furnish 
140  grams  of  protein  when  125  is  all  that  is  necessary.  Again,  milk  is 
too  expensive  to  be  a  perfect  food.  Compare  table  above  for  actual  cost 
of  milk  and  other  foods. 


1  Rosenau's  Table  on  "Comparative  Analysis  and  Energy  Value  of  Milk  and  Other 
Foods." 
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COMPARISON  OF  FUEL  VALUE  AND  COST  OF  FOODS 


Kind  of  Food 


Ikvf 

Oj'sters 

Butter 

F.RKs 

Milk 

Cheese 

Oatmeal 

Wheat  bread 
Beaiis,  dry . . 
Potatoes . .  . . 
Sugar 


Priec 

per 

pound 


$0.25 
.25 
.20 
.24 
.035 
.16 
.04 
.06 
.05 
.015 
.06 


Cast 
of  1  lb. 
Protein 


$1.60 

4.30 

20.(K) 

2.09 

1.09 

.64 

.29 

.77 

.29 

1.00 


Cast 
|K;r  1(X) 
Calories 


$0.25 
1.11 
.06 
.39 
.11 
.08 
.02 
.05 
.03 
.05 
.03 


Amount  for  10  Cents 


Weight, 
lbs. 


.40 

.40 

.50 

.42 

2.85 

.63 

2.50 

1.67 

2.00 

6.67 

1.67 


Protein, 
lbs. 


.06 
.02 
.01 
.05 
.09 
.16 
.34 
.13 
.35 
.10 


Fat, 
lb6. 


!46 

.04 
.11 
.20 
.16 
.02 
.03 
.01 


Carbohy- 
drates, 
lbs. 


.01 


.14 

.02 
1.66 

.87 
1.16 

.93 
1.67 


Energy 
Calo- 
ries 


410 

90 

1,705 

260 

885 

1,18.5 

4,500 

2,000 

3,040 

1,970 

2,920 


Advantages  of  Milk. — The  tendency  to  regard  milk  as  a  beverage 
rather  than  as  a  food  is  to  be  deplored.  This  is  a  great  mistake,  in  the 
correction  of  which  the  author  cannot  do  better  than  quote  an  extract 
from  the  valuable  publication  on  Millc  as  a  Food,  issued  by  the  U.  S. 
Dept.  of  Agriculture,  Washington,  D.  C.  The  following  extract  states 
succinctly  the  advantages  which  are  obtained  from  the  liberal  use  of  milk 
as  a  food: 

A  very  interesting  experiment  was  recently  made  at  the  University  of  Maine, 
in  co-operation  with  this  department,  in  which  the  effect  of  a  limited  and  an 
unlimited  amount  of  milk  was  tried  at  the  University  boarding-house  or  "com- 
mons." From  these  studies  the  following  conclusions  were  drawn:  (a)  The 
dietaries  in  which  milk  was  more  abundantly  supplied  were  somewhat  less  costly 
than  the  others  and  at  the  same  time  were  fully  as  acceptable;  (h)  the  increased 
consumption  of  milk  had  the  effect  of  materially  increasing  the  proportion  of 
protein  in  the  diet;  (c)  the  milk  actually  supplied  the  place  of  other  food  mate- 
rials, and  did  not,  as  many  suppose,  simply  furnish  an  additional  amount  of  food 
without  diminishing  the  quantity  of  other  materials;  {d)  the  results  indicate  that 
milk  should  not  be  regarded  as  a  luxury,  but  as  an  economical  article  of  diet 
which  famiHes  of  moderate  income  may  freely  purchase  as  a  probable  means  of 
impro\ing  the  character  of  the  diet  and  of  cheapening  the  cost  of  the  supply  of 
animal  foods. 

Fluidity. — One  advantage  of  milk  as  a  food  is  that,  being  fluid,  it  is 
easily  swallowed.  This  is  of  considerable  importance  in  the  case  of  weak- 
ened or  debilitated  patients.  Again,  the  quantity  administered  can  be 
very  simply  regulated  and  measured.     Its  liquid  state  also  permits  it  to 
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be  used  as  a  substitute  for  beverages.  It  can  be  used  at  meals  instead  of 
water,  as  a  means  of  increasing  the  amount  of  nourishment.  Milk  is  a 
valuable  adjunct  w^here  a  stuffing  diet  is  prescribed. 

Advantages  in  Disease. — The  large  amount  of  water  contained  in 
milk  serves  to  quench  thirst  as  well  as,  at  the  same  time,  to  supply  suit- 
able nourishment  to  fever  patients.  On  account  of  this  same  property 
milk  may  act  as  a  diuretic,  a  function  which  is  of  great  moment  in  the 
dietetic  handling  of  certain  forms  of  heart  disease  accompanied  with 
dropsy. 

The  high  percentage  of  water  as  one  of  the  component  parts  of  milk 
is  no  serious  drawback  to  milk  as  a  food  in  most  cases  of  illness.  A  con- 
valescent patient  quietly  at  rest  in  a  warm  bed  requires  much  less  nour- 
ishment than  an  active  man  and  will  often  gain  weight  on  three  or  four 
pints  of  milk  per  day,  notwithstanding  the  fact  that  twice  this  quantity 
is  needed  by  a  healthy  adult. 

As  an  article  of  diet  in  disease  milk  occupies  an  unique  position.  It 
can  be  safely  said  that  no  other  article  of  food  is  of  so  much  value,  or  can 
take  its  place.  The  use  of  milk  in  the  dietetic  treatment  of  various  dis- 
eases will  be  considered  at  length  in  subsequent  chapters. 

ACCESSORY  SUBSTANCES  OR  VITAMINES  OF  MILK.— Besides  casein, 
albumin,  protein,  fat  and  other  constituents,  milk  contains  certain  acces- 
sory substances  too  minute  for  analysis,  yet  quite  necessary  for  nutrition 
and  growth.  Hopkins  (12)  reported  the  results  of  his  feeding  experi- 
ments, illustrating  the  necessity  for  certain  accessory  substances  in  normal 
dietaries,  which  he  called  vitamines.  In  the  feeding  experiments  he  put 
a  number  of  young  rats  on  a  diet  of  casein,  fat,  carbohydrates  and  salts. 
To  another  group  he  allowed  the  same  ration  plus  a  minute  quantity  of 
fresh  cows'  milk.  The  amounts  of  food  consumed  by  the  two  groups 
were  practically  identical.  The  first  class  of  rats  did  not  appear  to 
thrive;  the  second  class  grew  normally;  so  the  small  addition  of  fresh 
cows'  milk  made  up  a  deficiency  wanting  in  the  diet  of  the  first  class. 
Just  what  is  the  nature  of  the  substances  in  fresh  milk,  which  so  mark- 
edly affected  the  growth  of  the  rats  of  the  second  class,  is  not  yet  known. 
Boiling  milk  destroys  its  vitamines.  The  addition  of  peroxid  of 
hydrogen  as  a  preservative  to  milk  also  destroys  its  vitamines  and  de- 
prives the  milk  of  its  antiscorbutic  properties. 

Importance  of  Vitamines. — If  a  nursing  mother  suffers  from  a 
deficiency  disease  like  beri-beri,  the  child  will  also  develop  the  disease 
because  the  mother's  milk  is  deprived  of  its  vitamines.  Andrews (13) 
says: 
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Half  the  mortality  of  Manila  consists  of  infants  under  one  year  of  age; 
and  lialf  the  infants  who  die  show  some  sijjn  of  beri-beri.  As  three-fourths  of 
the  infants  are  breast  fed,  there  is  an  undeniable  relationship  between  the  milk 
and  the  absence  of  growth,  development  and  sound  health.  Manila  infants  fed 
by  a  healthy  mother,  or  with  fresh  cows'  milk,  do  not  develop  beri-lK»ri,  but  grow 
normally.  This  sliows  that  the  milk  of  healthy  women  contains  vitamines;  that 
of  unhealthy  women  does  not.  Heri-beri  is  also  cured  by  feeding  the  infants  with 
fresh  cows'  milk  or  other  substances  which  are  proved  to  contain  vitamines. 

Osborne  and  Mendel  (14)  conducted  e.xpcrinients  in  feeding  animals 
with  isolated  proteins  and  discovered  their  deficiency  as  a  food  material. 
They  fed  rats  with  this  material:  fat,  sugar,  starch  and  salts.  The  fact 
that  the  animals  failed  to  grow  was  evident  that  the  food  was  deficient 
and  they  supplemented  a  diet  with  a  preparation  of  protein-free  milk. 
This  contained  the  milk  sugar,  salts  and  unknown  components  of  milk. 
Rats  which  were  under-nourished  and  had  failed  to  grow  on  the  former 
diet,  at  once  resumed  their  growth  on  this  diet  and  in  due  time  repro- 
duced their  kind.  The  rats  which  were  under-nourished  and  showed 
marked  symptoms  of  decline  on  the  isolated  proteins,  revived  so  rapidly 
on  protein-free  milk  that  the  improvement  was  little  short  of  marvellous. 
It  was  concluded  by  the  investigators  that  there  are  in  milk  traces  of 
essential  compounds  which  promote  growth,  and  these  compounds  in 
milk  are  called  vitamines. 

Where  Vitamines  Are  to  be  Found:  Chemical  Nature. — Fur- 
ther observations  are  recorded  by  Osborne,  Mendel,  Ferry  and  Wake- 
man  (15).  They  severally  concluded  that  the  vitamines  of  milk 
are  to  be  found  in  the  butter-fat  fraction,  but  that  at  present 
their  chemical  nature  is  unkno^vn.  In  the  first  place,  in  the  ex- 
perimental work  of  Osborne  and  Mendel,  it  was  found  that  perfectly 
normal  growth  was  obtained  when  any  one  of  a  large  number  of 
proteins  was  used  alone  with  the  protein-free  milk.  Among  those 
that  have  given  this  result  may  be  mentioned  casein,  edestin,  excelsin, 
glutamin,  ladalbumin,  egg  albumin,  egg  vitellin,  globulins  from  cu- 
cumber and  cotton  seed,  and  corn  glutelin.  Xot  only  did  each  of  these 
proteins  when  fed  alone  with  the  protein-free  milk  give  the  nor- 
mal curve  of  growth,  but  after  completion  of  growth,  the  normal  body 
weight  was  maintained  throughout  the  normal  period  of  life  of  the  rat, 
which  is  approximately  1,000  days.  Also  reproduction  and  lactation 
took  place  in  these  animals  in  a  perfectly  normal  manner.  Certain  pro- 
teins, however,  when  fed  alone  with  the  protein-free  milk,  failed  to  ac- 
complish one  or  more  of  these  results.  The  four  most  conspicuous  exam- 
ples of  this  class  are  the  gliadin  of  wheat,  the  hordein  of  barley,  the  zein 
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of  corn  and  gelatin.  The  insufficiency  of  gelatin  in  meeting  the  nitrog- 
enous demands  of  the  diet  is  of  course  well  known  and  led  dietitians  to 
create  for  it  the  special  class  of  albuminoids,  although  physiological 
chemists  have  for  several  years  recognized  that,  chemically,  gelatin  is  a 
true  protein  and  have  so  classified  it  in  common  with  the  other  proteins 
of  skeletal  tissue. 

Casimir  Funk  fed  chickens  on  casein,  fat,  carbohydrate  and  salts. 
The  fowls  ceased  to  grow  and  developed  polyneuritis,  which  he  called 
the  beri-beri  of  birds.  After  which  clinical  investigation  he  arrived  at 
the  conclusion  that  this  disease  in  chickens  was  due  to  the  absence  of 
vitamines  in  the  food.  He  demonstrated  this  by  feeding  a  coop  of 
chickens  on  ordinary  food  and  they  grew  normally.  He  then  fed  a  coop 
of  chickens  with  polished  rice ;  they  ceased  to  grow  and  in  time  developed 
beri-beri  and  died  quickly.  He  then  fed  another  coop  of  chickens  on 
unpolished  rice ;  these  birds  also  ceased  to  grow,  but  did  not  develop  beri- 
beri. Another  coop  of  chickens  w^ere  fed  on  unpolished  rice  and  yeast. 
They  grew  slowly.  His  conclusions  from  these  observations  is  that  nor- 
mal food  contains  a  growth  vitamine,  but  it  is  not  the  same  as  in  the  beri- 
beri vitamine.  For  further  information  see  Volume  III,  chapter  on  "Diet 
in  Deficiency  Diseases." 

CERTIFIED  MILK.—  Certified  milk  is  the  very  best,  the  very  freshest, 
the  very  cleanest,  the  very  purest  and  the  very  safest  raw  milk  that  it  is 
possible  to  produce.  It  is  a  product  which  has  been  drawn  from  tested 
cows,  and  handled  and  marketed  in  a  most  painstakingly  careful  man- 
ner— according  to  rules  and  regulations  formulated  by  the  proper  author- 
ities of  the  community  where  it  is  sold  and  as  originally  taught  by  the 
late  Dr.  Henry  L.  Coit,  of  Newark,  N.  J.,  the  pioneer  in  producing  cer- 
tified milk  and  the  prime  organizer  of  the  American  Association  of 
Medical  Milk  Commissions,  through  whose  influence  valuable  legisla- 
tion for  pure  milk  has  been  promulgated  in  a  few  states,  as  New  York, 
New  Jersey,  Ohio,  Massachusetts  and  Kentucky.  Certified  milk,  except 
in  these  states  (certified,  as  originally  used),  means  nothing,  as  it  may 
be  certified  by  interested  parties.  Certified  milk  should  be  of  uniform 
composition  and  of  the  highest  quality,  obtained  by  cleanly  methods,  from 
healthy  cows,  under  special  sanitary  precautions  prescribed  by  a  medical 
milk  commission.  The  production  of  certified  milk  represents  the  highest 
ideals  in  milk  dairying. 

New  York  Medical  Society  Eegulations. — The  regulations  of 
the  milk  commission  of  the  Medical  Society  of  the  County  of  New  York 
require  that  there  shall  be  less  than  30,000  organisms  of  all  kinds  per 
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cubic  centimeter  in  ccrtitied  milk.  It  must  average  4  per  cent  of  butter 
fat  and  must  be  sold  on  the  day  it  reaches  tlie  city.  Certified  milk  is 
often  found  t6  contain  only  8,000  bacteria  to  the  cubic  centimeter  while 
an  ordinary  milk  may  contain  as  umuy  as  50,000  or  more(in).  In  Bos- 
ton, New  York,  riiiladclphia  and  other  largo  centers  of  population  the 
amount  of  certified  milk  sold  is  less  than  one  per  cent  of  the  total  supply. 
Standards  of  the  American  Association  of  Medical  Milk  Com- 
missions.— The  ^^American  Association  of  Medical  Milk  Commissions" 
has  just  published  Methods  and  Standanh  for  the  Distribution  of  Certified 
]\i ilk (17),  "These  standards  represent  the  highest  quality  of  milk  pos- 
sible to  produce.  It  is  the  ideal  to  which  all  milk  production  should  aim. 
The  rules  laid  down  in  this  ])ul)lication  are  given  herewith,  representing 
the  highest  ideals  in  dairy  practice: 

REQUIREMENTS 
General  Requirements 

"(a)  Certified  milk  shall  be  produced  by  a  trustworthy  dairyman  in 
accordance  with  a  code  of  requirements  prescribed  by  a  medical  milk  com- 
mission. The  dairyman  shall  enter  into  a  legal  contract  with  the  com- 
mission, in  which  he  shall  agree  to  comply  with  all  its  requirements. 

"(&)  Certified  milk  shall  be  obtained  from  healthy,  tuberculin  tested 
cows  under  veterinary  inspection;  all  persons  who  directly  or  indirectly 
come  in  contact  with  the  milk  shall  be  under  medical  supervision  and  the 
milk  itself  shall  be  subjected  to  periodical  bacteriological,  chemical  and 
other  tests. 

"(c)  Certified  milk  should  be  free  from  harmful  germs  and  shall  con- 
tain relatively  few  of  the  common  bacteria.  It  should  not  contain  more 
than  10,000  bacteria  per  cubic  centimeter;  this  average  should  be  based 
upon  bacteriological  examinations  covering  a  period  of  ninety  days,  and 
the  counts  should  be  made  at  least  once  a  week  during  this  time. 

"(cZ)  Certified  milk  must  be  bottled  at  the  point  of  production,  rapidly 
chilled,  kept  cold  and  delivered  promptly  to  the  consumer.  After  it  is 
once  chilled,  the  temperature  of  certified  milk  should  at  no  time  go  above 
45°  F.,  or  below  32°  F. 

"(e)  Certified  milk  shall  be  normal  milk';  that  is,  neither  heated, 
frozen  nor  altered  in  any  way  except  strained  and  cooled. 

"(/)  Certified  milk  shall  be  of  uniform  quality  and  contain  not  less 
than  3.8  per  cent,  nor  more  than  4.2  per  cent,  of  fat,  unless  it  is  labeled 
otherwise,  in  which  case  it  shall  not  vary  more  than  0.2  per  cent  from 
the  amount  stated  on  the  label. 
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^'{g)  Certified  milk  shall  not  be  subjected  to  the  action  of  heat;  shall 
not  be  subjected  to  the  action  of  any  preservative  whatever  except  cold; 
shall  not  be  subjected  to  the  action  of  light,  electricity,  pressure,  or  any 
special  force  or  agency  of  any  kind  for  any  purpose;  no  substance  of  any 
hind  shall  be  added  to  the  milk  for  any  purpose;  and  no  part  of  the  milk 
chall  be  removed. 


Special  Conditions 

"Pastures  or  paddocks  to  which  cows  have  access  shall  be: 

"(o)   Free  from  marsh  or  stagnant  pools. 

"(&)   Crossed  by  no  stream  which  might  easily  become  dangerously 
contaminated. 

"(c)  At  sufficient  distance  from  offensive  conditions  to  suffer  no  bad 
effect  from  them. 

"((^)   Free  from  plants  which  affect  the  quality  of  the  milk   dele- 
teriously." 

Pasteurized 
Milk.  —  Pasteurized 
milk  was  first  ad- 
vised in  1886  by 
Soxhlet,  who  lauded 
the  procedure,  de- 
scribing an  apparatus 
for  pasteurizing  milk 
in  the  home.  Pas- 
teurized milk,  at  best, 
only  means  heated 
milk,  and  does  not 
necessarily  mean 
clean  or  good  milk. 
On  the  other  hand, 
it  often  means  bad 
milk.  Unfortunately 
the  pasteurization  of 
milk  lulls  one  into  a 
false  feeling  of  se- 
curity in  regard  to  it 
as  a  food  for  infants. 
Pasteurization  kills 
all    pathogenic    bac- 


FiG.  20.— Interior  of  a  Complete  Milk  Plant.  The  illus- 
tration shows  (a)  milk  clarifier,  (b)  pasteurizing  and 
milk  holding  tanks,  (c)  milk  cooler,  (d)  storage  tanks 
for  cold  milk,  (e)   bottle  filling  and  capping  machine. 
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teria  and  from  Ji8  to  9!)  per  cent  of  the  other  bacteria.  After  pas- 
teurization there  is  less  inhibition  to  bacterial  growth  than  in  raw  milk. 
l*asteiirized  milk  will  not  keep  more  than  three  or  four  days,  for  the 
acid-fonninc:  bacteria  are  still  i)resent,  nor  ran  a  guarantee  Im  giv(m  that 
tho  taste  will  not  change. 

Boiled  Milk. — The  boiling  of  milk  produces  partial  fixation  of  tho 
calcium  phosphate  and  the  precipitation  of  nuigncsium  salts.  This  lK)il- 
ing  also  precipitates  the  citric  acid  of  milk  to  a  tri-calcium-citrate  and 
the  soluble  albumins  are  completely  precipitated.  The  boiling  is  kept 
up  for  thirty  minutes  at 
a  temperature  of  140° 
to  150°  F.,  which  elim- 
inates any  danger,  di- 
rect or  indirect,  from 
bacterial  action. 

There  is  another 
method  for  the  preser- 
vation of  milk  which  is 
of  considerable  interest. 
The  milk  is  first  heated 
to  150°  F.  and  then 
aerated  with  a  mixture 
of  oxygen  and  carbonic 
gas.  Then  the  milk  is 
again  twice  heated  to 
a  temperature  of  150° 
F.,  each  time  for  a 
period  of  thirty  min- 
utes. Milk  so  treated  keeps  quite  good  for  an  indefinite  period  and 
shows  no  alteration  in  taste. 

Home  Pasteurization. — Milk  may  be  satisfactorily  pasteurized  in 
the  home  by  the  use  of  a  Freeman  or  Straus  pasteurizer.  This  simpli- 
fies the  procedure  and  at  the  same  time  secures  perfect  pasteurization  of 
the  milk.  Imperfect  pasteurization  is  worse  than  none,  for  the  reason 
that  it  gives  a  false  sense  of  security  while  the  danger  of  further  con- 
tamination of  the  milk  remains. 

The  home  pasteurizer  devised  by  Mr.  Tfathan  Straus  is  a  modi- 
fication of  the  Freeman  pasteurizer  and  is  shown  in  the  accompanying 
illustration.  Straus  gives  the  following  directions  for  using  the  home 
pasteurizer : 


Fig.   21. — Straus    Home   Pasteurizer.      (Courtesy   of 
the  New  York  Healtli  Department.) 
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Emphasis  is  laid  on  the  fact  that  only  fresh,  clean  milk,  which  has 
been  kept  cold,  should  be  used. 

^'After  the  bottles  have  been  thoroughly  cleaned  they  are  placed  in 
the  tray  (A)  and  filled  to  the  neck.  The  corks  or  patented  stoppers  are 
then  put  on  without  fastening  them  tightly. 

"The  pot  (B)  is  now  placed  on  the  wooden  surface  of  the  table  or 
floor  and  filled  to  the  supports  (C)  with  boiling  water. 

^'Place  the  tray  (A)  with  filled  bottles  into  the  pot  (B)  so  that  the 
bottom  of  the  tray  rests  on  the  supports  (C)  and  put  cover  (D)  on 
quickly. 

"After  the  bottles  have  been  warmed  up  by  the  steam  for  five  minutes, 
remove  the  cover  quickly,  turn  the  tray  so  that  it  drops  into  the  water, 
replace  tiie  cover  immediately.  This  manipulation  is  to  be  made  as  rap- 
idly as  possible  to  avoid  loss  of  heat.  Thus  it  remains  for  twenty-five 
minutes. 

"Now  take  the  tray  out  of  the  water  and  fasten  the  corks  or  stoppers 
airtight.  Cool  the  bottles  with  cold  water  and  ice  as  quickly  as  possible 
and  keep  them  at  this  low  temperature  until  cold. 

"Use  the  milk  from  the  bottles  and  do  not  pour  it  into  another  vessel. 

"The  milk  must  not  be  used  for  children  later  than  twenty-four  hours 
after  pasteurization." 

The  attempt  is  frequently  made  to  pasteurize  milk  in  the  home  by 
simply  placing  the  bottles  of  milk  in  a  pot  of  water  and  boiling  for  a 
variable  length  of  time  and  finally  cooling.  If  the  bottles  were  completely 
submerged  in  water,  or  if  the  bottle  had  a  reasonably  well  fitting  cover, 
the  process  might  be  fairly  satisfactory  in  the  hands  of  a  competent 
nurse,  but  as  usually  done  the  necks  of  the  bottles  bob  about  above  the 
surface  of  the  water  and  the  top  layers  of  the  milk  escape  tlie  proper 
heating,  more  especially  if  the  contents  of  the  bottles  are  not  well  shaken 
before  commencing,  as  the  top  layers  of  thick  cream  would  prevent  cir- 
culation in  the  liquid. 

General  Summary  of  Pasteurization. — Rosenau(18),  after  con- 
sidering the  subject  of  pasteurization  at  great  length,  concludes  as  follows : 

Pasteurization  means  "parboiling." 

The  heat  kills  the  harmful  germs,  too  often  found  in  milk,  such  as  produce 
tuberculosis,  typhoid,  diphtheria,  scarlet  fever  and  the  summer  complaints  of 
infants. 

Pasteurization  is  not  ideal,  but  at  best  only  a  temporary  expedient;  it  is  the 
simplest,  cheapest  and  least  objectionable  method  of  rendering  infected  milk 
reasonably  safe. 
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It  has  only  one  object — to  destroy  genus.  There  can  l)e  no  more  objection  to 
pasteurized  milk  for  the  use  of  adults  and  children  over  two  years  of  age  than 
there  can  be  to  the  broiling  of  a  beefsteak. 

Babies  should  have  motlier's  milk,  for  which  there  is  no  adequate  substitute. 
If  mother's  milk  is  not  available  they  are  entitled  to  the  very  best  and  freshest 
cows'  milk  obtainable.  Whether  such  baby's  milk  is  to  be  modified,  pasteurized 
or  otherwise  treated,  is  a  (juestion  for  the  attending  physician  to  decide  in  each 
individual  case.  Paoteurized  milk  is  just  as  (ligestiblc  an<l  just  as  nutritious  as 
raw  milk.  The  correct  temperature  to  heat  the  milk  is  140"  F.  for  20  minutes. 
Higher  heat  or  longer  time  is  not  necessary.  Anything  less  is  not  effective,  and 
gives  a  false  sense  of  security.  Pasteurization  should  never  be  ustnl  as  a  redemp- 
tion process,  nor  as  a  preservative,  nor  to  atone  for  HItli,  nor  to  make  good  milk 
out  of  bad  milk.  All  that  pasteurization  of  milk  does  is  to  destroy  certain  of  the 
dangerous  germs  in  milk. 

All  milk. that  cannot  be  certified  as  clean,  fresh  and  safe,  should  be  pasteurized. 
Pasteurization  sliould  always  be  done  under  the  supervision  of  the  health  officer. 
It  is  too  important  a  measure  to  leave  to  the  caprice  of  individuals.  The  bottle 
sliould  bear  a  label  with  the  time,  temperature  and  date  of  pasteurization.  Pure 
milk  is  always  better  than  a  i)uritied  milk,  but  until  the  milk  is  safe,  the  only 
protection  is  through  pasteurization  which  will  prevent  sickness  and  save  lives. 

STERILIZATION  OF  MILK.— Sterilization  of  milk  consists  in  boiling 
the  milk  for  from  five  to  twenty  niinntes.  This  destroys  all  bacteria  and 
their  spores.  At  the  same  time,  however,  the  power  of  the  milk  to  inhibit 
their  growth  is  destroyed  and  any  contamination  will  be  followed  by  a 
marked  increase  of  the  number  of  bacteria  in  a  few  hours.  The  bac- 
teriology of  milk  has  been  the  subject  of  an  enormous  amount  of  research 
during  recent  years,  but  space  is  too  limited  to  deal  with  the  subject  ex- 
tensively here.  (See  Bulletin  No.  25,  L".  S.  Dept.  of  Agriculture.)  We 
can  safely  assert  that  the  accusation,  that  milk  is  not  an  infreqlient  cause 
of  disease,  has  been  satisfactorily  proven. 

Milk  as  it  comes  from  the  udder  of  a  perfectly  clean  cow  may  be 
safely  regarded  as  a  sterile  fluid;  not  only  is  it  sterile,  it  even  seems  to 
be  possessed  of  feeble  germicidal  properties.  These  ideal  conditions  are 
impossible  to  maintain  after  the  milk  reaches  the  milk  pail. 

Process  of  Sterilizatiox. — There  are  so  many  conditions  favoring 
contamination  that  it  is  difficult  to  produce  a  milk  without  it  literally 
swarming  with  bacteria.  Roughly  speaking,  the  microorganisms  met 
wath  in  milk  are:  (a)  those  which  produce  souring;  (h)  the  pathogenic 
bacteria.  The  former  are  probably  harmless,  the  latter  are  bearers  of 
disease.  The  disease  germs  are  more  easily  destroyed  than  those  which 
produce  souring.  A  temperature  of  165°  F.  for  a  few  minutes  is  suffi- 
cient to  destroy  them.     If  the  milk  is  to  be  preserved  for  a  long  time  this 
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is  not  sufficient  and  the  temperature  must  be  raised  to  230°  F.  and  kept 
there  for  some  time.  This  is  the  process  of  sterilization.  The  chemical 
changes  produced  by  sterilization  are  very  marked.  Czerny  and  Keller 
enumerate  them  as  .follows : 

(1)  The  milk  sugar  is  carameHzed  under  the  formation  of  acid  (lactic  acid). 

(2)  The  coagulated  casein  and  albumin  are  brought  by  the  acid  to  an  early 
precipitable  condition. 

(3)  The  rennet  action  on  milk  is  very  much  impaired  through  the  fact  that  the 
calcium  salts  are  in  part  rendered  insoluble. 

(4)  The  milk  gases,  especially  carbonic  acid,  are  expelled. 

(5)  The  ferment  action  of  the  milk  is  destroyed. 

(6)  The  fat  in  part  separates  from  its  emulsified  state. 

(7)  The  lecithin  is  split  up  and  the  more  organic  phosphorous  combinations  of 
the  milk  are  more  or  less  changed  into  inorganic. 

(8)  Boiled  milk  undergoes  putrefaction,  raw  milk  does  not. 

(9)  The  taste  of  the  milk  is  disagreeably  changed. 

(10)  The  antiseptic  and  antitoxic  properties  of  the  milk  are  lost. 

(11)  Hydrogen  sulphid  is  recognizable  if  the  milk  is  boiled  longer  than  five 
minutes. 

DESICCATED  MILK.— Desiccated  milk  is  easily  made  by  the  Just-Hat- 
maker  process,  which  consists  of  passing  a  thin  layer  of  ordinary  milk  be» 
tween  two  steam-heated  cylinders  revolving  in  opposite  directions  and 
having  a  surface  temperature  of  212°  F.  This  process  dries  the  milk 
in  about  thirty  minutes  and  completely  desiccates  the  milk  to  a  fine  solu- 
ble powder  which  merely  requires  the  addition  of  water  to  bring  it  back 
again  to  ordinary  milk.  The  powder  so  prepared  contains  all  the  solids 
of  the  original  milk  in  a.  sterile  and  soluble  form,  .and  consequently  is 
of  the  highest  nutritive  value.  (See  Volume  II,  chapter  ^^Dehydrated 
Foods.")  There  is  every  reason  to  predict  that  desiccated  milk  will  be  in 
great  demand  in  the  future. 

Methods  of  Desiccating  Milk. — Another  method  of  making  desic- 
cated milk  is  as  follows :  The  milk  is  placed  in  a  tank  heated  by  a  water 
jacket ;  heated  air  is  driven  through  the  liquid  until  it  is  reduced  to  con- 
densed milk.  It  is  then  transferred  to  a  rolling  drum  and  more  hot  air 
driven  through  it  until  it  is  of  a  semi-solid  consistency.  The  mass  is  now 
reduced  to  small  lumps  and  passed  through  a  sieve  to  make  it  granular. 
The  next  step  consists  of  reducing  the  granules  to  a  fine  pow^der. 

Probably  the  best  method  of  desiccating  milk  is  a  process  of  spraying 
the  fresh  milk  into  a  warm  vacuum  chamber  where  the  mist  is  almost 
immediately  deprived  of  its  water  and  the  resulting  powder  falls  to  the 
floor  of  the  oven.     Just  as  in  the  Hatmaker  process,  the  proper  quantity 
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of  water  added  to  this  powder  produces  a  mixture  closely  resembling 
ordinary  milk.  This  last  pro(;e88  yields  a  desiccated  milk  which  will 
keep  in  all  climates  and  at  the  same  time  be  conjplctely  soluble  in  water. 

Use  of  Dksiccatkd  ^Milk. —  Desiccated  milk  is  an  article  of  great 
utility,  especially  when  fresh  milk  is  unobtainable  or  when  from  some 
peculiar  idiosyncrasy  sick  persons  arc  unable  to  retain  fresh  milk.  It  is 
extensively  used  as  a  food  for  infants  and  enters  into  the  composition  of 
various  proprietary  foods. 

Composition  of  Desiccated  Milk. — The  following  table  from  Tib- 
bies, with  additions,  gives  the  composition  of  dried  milk  preparations 
with  nutrient  percentages: 

CCMPOSITION  OF  CASEIN  AND  DRIED  MILK  PREPARATIONS, 
NUTRIENTS,  PER  CENT 


1 

1 

1 

1 

r/i 

Other 
Substances 

Remarks 

Casein  Preparations: 
Plasmon  . . . 

10.50 
3.75 

10.00 
7.00 

8.51 
(95  p 

80.00 
80.00 

78.75 
86.47 

76.37 
er   ce 

.34 

7.00 
4.37 
4.73 
2.93 

9.25 

Soda  bicarb. 

Soda  bicarb. 

4.04 

5.70 

5.0  sodium, 
glycero- 
phosphates 
20.0  albumose 
Soda  bicarb. 
Ammonia 

Obtflinpd  from  slcim 

Proteins 

milk  by  acetic  acid 
Almost  identical 

Biogen 

1.58 
3.60 

.17 

nt  ca 

sein) 

with  plasmon 
Casein '    free  from 

Casumen 

Tilia 

starch  and  sugar 

Casein  in  flake-like 

powder;  free  from 

starch  and  sugar 

Contains  1.83  PjOj 

Sanatogen 

Sanose 

and  1 1.97  N.pr.ct. 

Excepting   for   the 
addition  named, 
they  are  similar  to 

Nutrose 

plasmon,  casumen, 

Eucasein 

etc. 

Dried  Milk: 

Lacvitum 

Galak 

5.34 

28.04 

29.40 

31.36 

5.96 

Dried  whole  milk 
Similar  to  lac^^tum 

Trumilk 

.77 
9.00 

26.44 

40.00 
95.00 
24.00 

28.00 
2.00 

38.92 
39.00 

5.84 
6.25 

Dried    whole    milk 

Lacumen 

Albulactin 

without  starch  or 

preservatives 
Dried  skim  milk 
The  albumin  of  milk 

Mammala 

5.00 

12.00 

.54.00 

5.00 

Dried  whole  milk 

MODIFIED  MILK.— By  careful  examination  of  the  comparative  anal- 
yses given  in  Konig's  table  on  page  309,  it  will  be  seen  that  hunmn  milk 
is  not  as  rich  in  solids  as  cows'  milk,  and  although  it  contains  an  equal 
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amount  of  fat,  there  is  more  sugar  and  less  protein.  In  human  milk'  one- 
half  of  the  protein  content  consists  of  albumin,  while  in  cows'  milk  only 
one-fifth  of  the  protein  consists  of  albumin. 

Cows'  milk  is  intended  to  develop  the  digestive  tract  of  the  calf  for 
its  future  task  of  digesting  tough  and  fibrous  food,  while  human  milk  is 
intended  to  develop  the  digestive  tract  of  the  infant  for  its  future  work 
of  digesting  food  of  an  entirely  different  physical  character. 

Cows'  milk  in  the  human  stomach  curdles  into  large,  tough,  leathery 
masses  and  is  much  harder  to  digest  than  the  coagula  of  human  milk. 
Furtliermore,  the  fat  globules  are  much  smaller  in  human  milk  than  in 
cows'  ndlk. 

Cows'  milk  contains  more  nitrogenous  material,  but  less  fat  and  much 
less  sugar  than  woman's  milk.  Undue  attention  has  been  given  to  the 
organic  constituents  of  milk  and  too  little  to  the  mineral  contents.  Cows' 
milk  contains  twice  as  much  phosphorus  as  woman's  milk.  When  cows' 
milk  is  substituted  for  woman's  milk,  chlorid  of  sodium  should  be  added. 
The  salts  of  calcium  are  present  in  greater  proportions  in  cows'  milk, 
but  this  difference  can  be  safely  neglected,  as  nature  permits  of  a  more 
generous  variation  in  the  feeding  of  infants  than  do  laboratory  tyrants. 
Woman's  milk  and  cows'  milk  differ  in  specific  gravity  and  reaction. 
There  are,  therefore,  many  points  of  difference  between  the  two  kinds 
of  milk.  In  infant  feeding  especially  an  effort  should  be  made  to  imitate 
human  milk  as  much  as  possible  by  modifying  cows'  milk. 

Ingredients  Used  in  Modification. — The  ingredients  most  com- 
monly used  to  modify  cows'  milk  are  cream,  containing  16  per  cent  of 
butter  fat,  shimmed  milk  (from  the  separator),  milk  sugar  and  starch, 
usually  harley  water.  These  should  always  be  mixed  according  to  the 
formula  prescribed  by  a  physician.  The  proportion  of  each  ingredient 
depends  upon  the  age  and  condition  of  the  child.  Since  cream  is  usually 
rich  in  microorganisms,  infants  often  thrive  as  well  or  better  when  cream 
is  omitted  from  the  modified  formula.  The  aim  to  have  uppermost  in 
modifying  milk  is  to  bring  the  proteins  and  mineral  constituents  to  the 
right  proportion  by  dilution  with  w^ater;  to  add  lactose  to  increase  the 
sugar  and  finally  cream  to  increase  the  fat.^ 

VARIATION  IN  COMPOSITION  OF  MILK.— ISTo  other  foodstuff  except 
milk  shows  such  a  marked  variation  except  meat.  The  greatest  variation 
in  the  component  parts  of  milk  is  shown  in  the  butter  fat.  The  proteins 
and  sugars  are  more  constant.      The  variation  in  composition  of  pure 

1  Recent  experiments  on  mice  show  that  sucrose  produces  less  disiurbnnce  than 
lactose. 
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milk  is  due  to  many  and  varying  factors.    Certain  breeds  of  cows  as  the 

Channel  Island  breeds  produce  a  milk  rich  in  fat.  (5  per  cent.)  The 
llolstein  breed  furnishes  a  milk  poor  in  butter  fat.  (*i  per  cent.)  Young 
cows  generally  yield  a  richer  milk  than  older  ones.  A  well  fed  cow  gives 
more  and  richer  milk  than  a  poorly  fed  animal.  Again  the  quantity  of 
milk  is  more  readily  influenced  by  the  amoimt  and  charactcT  of  the  food 
than  are  the  relative  proportions  of  fat,  protein  and  milk  sugar.  The 
How  of  milk  is  usmilly  greatest  soon  after  calving.  As  the  period  of  lac- 
tation advances,  the  amount  of  milk  gradually  grows  less,  while  the  milk 
grows  richer  in  solids.  It  is  generally  considered  that  cows  which  give  a 
large  quantity,  yield  milk  poor  in  (piaiity,  but  this  is  not  always  the  case. 
It  is  possible  to  have  a  large  yield  and  at  the  same  time  have  milk  of  a 
superior  quality. 

TiBBLEs'  Table  on  the  Composition  of  Various  Milks. — The  fol- 
lowing table  from  Tibbies  throws  light  on  this  point  The  table  shows 
a  difference  of  3  per  cent  in  total  solids,  2.15  per  cent  of  fat  between  the 
highest  and  lowest.  This  table  also  shows  the  variation  in  the  yield  of 
milk,  as  well  as  the  difference  in  the  composition  of  various  breeds  of 

cows: 

COMPOSITION  OF  MILK 
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Jersey 
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112 

72 
252 
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15.40 
14.60 
13.77 
13.06 
12.63 

9.80 
9.46 
9.60 
9.35 
9.08 

5.61 
5.12 
4.15 
3.57 
3.55 

3.91 
3.61 
3.76 
3.43 
3.39 

5.15 
5.11 
5.07 
5.33 
5.01 

.743 
.753 
.760 
.698 
.698 

.618 
.570 
.595 
.543 
.535 

86.40 
85.39 
86.36 
86.95 
87.37 

14.07 

Guernsey 

16.00 

Devon 

12.65 

Ayrshire 

18.40 

American  Holdemess . . 

13.40 

Holstein  Friesian 

132 

12.39 

9.07 

3.46 

3.39 

4.84 

.735 

.540 

87.62 

22.65 

FRACTIONAL  COMPOSITION 

OF  MILK 

Stages  of  Milking 

First 
Milk 

Strip- 
ping 

First 
quart 

Last 

First 

Second 

Third 

Fourth 

Fifth 

Sixth 

quart 

Total  solids. .  . . 
Fat.           

10.47 
1.70 

8.77 

10.77 
1.76 
8.99 

10.85 
2.10 

8.75 

11.23 
2.54 
8.69 

11.63 
3.14 
8.49 

12.67 
4.08 
8.59 

13.15 

1.32 

11.83 

28.81 

9.63 

19.18 

12.04 

1.22 

10.82 

25.72 

8.48 

Solids,  not  fat . . 

17.24 
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NUTRIENTS  AND  ENERGY  IN  THE  MILK  FOODS 

Foods 

Water 

Protein 

Fat 

Carbo- 
hydrates 

Ash 

Fuel 
Value 
per  lb. 

Energy 

Units 

for  10  c. 

Whole  Milk 

Skim  Milk 

Buttermilk 

Cream  cheese .... 
Butter. . . . 

per  cent 

34.2 
11.0 

per  cent 
25.0 
36.0 
33.0 
25.9 
1.0 

per  cent 
31.0 

3.0 

6.0 
33.7 
85.0 

per  cent 

39.0 

55.0 

53.0 

2.4 

per  cent 
5.0 
6.0 
8.0 
3.8 
3.0 

Calories 
2,475 
1,855 
1,845 
1,950 
3,605 

Calories 
740 
860 

1,185 
1,705 

BACTERIAL  CONTENT  OF  MILK.— Milk  is  rendered  impure  by  adul- 
teration with  water,  addition  of  materials  to  increase  the  specific  gravity, 
preservatives,  dirt  and  bacteria.  The  number  of  bacteria  in  a  given  sam- 
ple of  milk  is  evidence  to  a  limited  extent  of  the  quality  and  purity  of 
the  milk.  But  the  kind  and  quantity  of  bacteria  present  is  of  greater 
importance.  Milk  numbering  100,000  bacteria  to  the  cubic  centimeter 
is  certainly  not  fit  to  use  in  nourishing  an  infant.  A  count  below  10,000 
is  desirable. 

Classes  of  Bacteria. — The  bacteria  of  milk  are  divided  into  two 
classes,  pathogenic  and  non-pathogenic.  The  former  group  includes  such 
organisms  as  the  tubercle  bacillus,  the  typhoid  bacillus  and  the  diphtheria 
bacillus.  Milk  containing  these  organisms  is  a  direct  source  of  danger 
to  the  child  or  individual  who  drinks  it,  hence  their  presence  is  absolutely 
detrimental  to  health  and  should  positively  be  prevented  in  all  milk  sup- 
plied to  infants.  Kosenau  (Bui.  ]Sro.  42,  Hygienic  Laboratory)  has  de- 
termined that  a  temperature  of  140°  P.,  maintained  for  twenty  minutes, 
will  destroy  these  and  other  pathogenic  bacteria.  The  pathogenic  bac- 
teria, the  staphylococci,  streptococci,  do  not  appear  to  be  a  source  of  great 
danger  in  milk.  Lactic  acid  bacilli,  etc.,  are  a  source  of  danger,  how- 
ever, not  because  of  their  direct  action  upon  the  human  organism  but  be- 
cause of  their  decomposing  action  on  the  milk  itself,  which  renders  it 
unfit  for  use.  Immediately  after  milking,  the  number  of  bacteria  varies 
from  none  to  10,000,000  in  a  cubic  c.c.  of  milk.  They  begin  to  multiply 
as  soon  as  the  milk  reaches  the  milk  pail,  and  continue  to  do  so  with  the 
most  marvelous  rapidity.  Miguel  found  that  milk  brought  to  his  labora- 
tory had  bacteria  as  follows : 

Bacteria  in  Milk 

Immediately  after  milking 9,000  per  c.c. 

One  hour  after  milking 31,750     "     " 

Nine  hours  after  milking 120,000     "     " 

Twenty-four  hours  after  milking 5,600,000     "     " 
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itage  composition  and  fuel  value  of  nUlk,  i 
some  other  foods. 

(The  constituents  ore  expressed  In  per  cent,  the  fuel  values  In  colorles  per  pound.) 
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Percentage  composition  and  fuel  value  of  nUlk,  milk  products,  and 
some  other  foods. 
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FiG.  22.— Percentage  Composition  of  Foods.     (Bull.  363,  U.  S.  Dept.  Agric.) 
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Tibbies  believes  this  to  be  a  common  experience  and  a  moderate  esti- 
mate of  the  bacteria  in  milk,  for  other  observers  have  recorded  60,000  to 
100,000  per  c.c.  immediately  after  milking  and  from  2,000,000  to  6,000,- 
000  in  six  hours.  The  temperature  at  which  the  milk  is  kept  influences 
the  development  of  these  bacteria  considerably.  Conff  found  that  a  sam- 
ple of  milk  kept  in  a  cold  cupboard  for  four  days  had  only  10,000  bac- 
teria per  c.c. ;  but  a  sample  of  the  same  milk  left  in  a  warm  room  for  only 
one  hour  had  1,000,000  bacteria  per  c.c.  The  rate  of  increase  of  the 
bacteria  in  milk  kept  at  12.5°  C.  (54.5°  F.)  and  at  34°  C.  (93°  F.) 
was  estimated  by  Conff  and  is  given  in  the  following  table : 

MULTIPLICATION  OF  BACTERIA  IN  MILK 


Time  since  Milking 

Temperature  12.5°  C. 

Temperature  34°  C. 

1  hour 

2  hours 

3  " 

4  " 

5  " 

6  " 

nil 

4-fold 

6    " 

8    " 

26    " 

435    " 

7.5-fold 
23       " 

64       " 

215       " 

1,830       " 

3,800       " 

However,  the  actual  number  of  bacteria  in  milk  is  of  little  impor- 
tance, so  long  as  they  are  not  pathogenic.  Still  some  species  of  bacteria 
are  of  great  value  to  the  dairyman  and  are  by  no  means  injurious  if  con- 
sumed with  the  milk.  This  refers  to  the  rapidly  developing  group  of  lac- 
tic acid  bacteria  and  others  which  are  of  considerable  importance  in 
cheese  and  butter  making. 

Source  of  Milk  Bacteria. — The  source  of  bacteria  is  of  interest  as 
normal  milk  from  a  healthy  cow  is  considered  practically  sterile.  It  is 
possible  that  small  wounds,  cracks  or  fissures  on  the  teats  may  lead  to 
bacterial  invasion ;  also  germs  may  invade  the  mouths  of  the  teats,  so  that 
the  first  milk  drawn  is  infected.  It  is  possible  also  for  later  drawn  milk 
to  be  infected  by  bacteria  extending  up  the  milk  ducts,  or  invading  the 
deeper  portions  of  the  gland  even  to  the  alveoli. 

There  are  various  other  sources  of  bacteria,  such  as  dust  that  may 
settle  on  the  milk;  again  hairs  from  the  cow's  hide  or  bits  of  dirt  or 
manure  rich  in  bacteria  may  be  flicked  into  the  milk  pail  by  the  switch- 
ing of  the  cow's  tail.  The  hands  of  the  milker  and  the  milk  utensils 
are  fruitful  sources  of  bacteria.  It  has  been  shown  that  the  bacteria 
increase  with  each  handling  of  the  milk,  whether  this  be  pouring  the 
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milk  from  one  container  to  another,  straining,  ^lin•illf(,  or  any  one  of 
the  routine  measures  eonunon  in  the  care  of  milk.  The  (jnlinary  fanner 
does  not  know  that  the  common  fly  carries  with  him  an  average  popu- 
lation of  from  550  to  155,000,000  bacteria.  A  fly  clropj)ing  int^j  the 
milk  introduces  into  it  not  only  objectionable  parasites,  but  also  quite 
possibly  pathogenic  organisms.  It  can  be  seen  from  the  above  outline 
how  essential  to  health  is  the  most  painstaking  and  intelligent  care  of 
milk. 

MacConkey,  who  has  made  a  detailed  study  of  many  samples  of  milk, 
has  found  in  some  of  these  about  thirty-six  varieties  of  the  Bacillus  coli 
and  Bacillus  enteriditis  sporagenes.  In  others  he  discovered  the  Staphylo- 
coccuc  i)yogenes  aureus  and  the  Staphylococcus  albus.  The  existence  in 
the  milk  of  the  first  two  varieties  affords  proof  of  the  presence  of  either 
cow  dung  or  human  feces.  As  the  Bacillus  enteriditis  does  not  multiply 
in  milk,  its  presence  is  evidence  of  original  pollution.  In  case  of  the 
presence  of  streptococci  in  milk,  inflammation  of  the  udder  or  teats  is 
to  be  inferred.  The  drinking  of  milk  so  contaminated  is  not  infrequently 
followed  by  an  epidemic  of  sore  throat. 

CHANGES  IN  MILK.— The  first  change  that  takes  place  in  milk  after 
being  strained  and  set  aside  is  the  separation  of  the  fats  as  cream,  which 
rises  more  readily  if  the  milk  is  kept  at  a  low  temperature.  The  second 
change  is  souring,  which  is  hastened  by  warmth  and  by  storing  in  unclean 
vessels  or  filthy  surroundings. 

The  Souring  of  Milk. — Although  the  reaction  of  milk  when  freshly 
drawn  is  slightly  alkalin  (amphoteric) ^  with  a  specific  gravity  of  from 
1.029  to  1.033,  the  reaction  soon  changes,  becoming  more  and  more  acid 
as  the  milk  gets  older,  due  to  exposure  to  the  air  and  to  the  transforma-* 
tion  of  the  milk  sugar  (C10H22O11)  into  lactic  acid  (CaHyO^).  In  the 
course  of  time  the  development  of  lactic  acid  is  so  great  that  the  milk 
will  coagulate  on  boiling.  The  coagulation  results  in  the  formation  of  a 
solid  mass  of  casein  which  slowly  contracts  so  tightly  as  to  force  out  a 
greenish  yellow  fluid,  whey.  Huppe  was  the  first  to  describe  the  lactic 
acid  bacillus.  According  to  his  teaching  it  develops  rapidly  and  multi- 
plies freely  at  a  temperature  between  50°  and  113°  F.  The  production 
of  lactic  acid  from  milk  sugar  is  effected  by  quite  a  number  of  micro- 
organisms, including  bacilli,  micrococci,  streptococci  and  other  bacteria. 

Bitter  Milk. — Bitter  milk  is  the  result  of  the  cow's  feeding  on  such 
herbs  as  lupin,  wormwood,  turnips,  cabbage,  etc.  A  bitter  taste,  which 
develops  in  the  milk  some  hours  after  it  is  drawn,  is  due  to  certain  bac- 
teria in  the  milk.     When  milk  putrefies  it  is  usually  referred  to  as  the 
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alkaline  fermentation  of  milk.  Such  milk  has  a  bitter  taste  and  a  slimy 
curd.  The  principal  cases  of  putrefaction  in  such  milk  are  due  to  spore- 
bearing  bacilli  belonging  to  the  haj  bacillus  group. 

Slimy  or  Kopy  ]\Lilk. — The  cause  of  so-called  slimy  or  ropy  milk 
is  the  presence  of  the  Bacillus  lactis  viscose,  which  brings  about  fermen- 
tation. This  very  resistant  organism  is  introduced  into  milk  through 
the  water  supply.  Once  infected  by  this  microbe,  a  dairy  must  have  the 
most  careful  attention  before  the  source  of  contamination  can  be  ban- 
ished. Experiments  with  ropy  milk  have  shown  in  some  instances  the 
attainment  of  such  a  degree  of  viscosity  that  a  thread  of  the  milk  could 
be  stretched  to  a  length  of  ten  feet.  Although  in  Norway  slimy  milk  is 
considered  a  delicacy,  it  is  held  in  this  country  to  be  most  undesirable. 

Colored  Milk. — Various  changes  in  the  color  of  milk  are  not  un- 
common. Eed  milk  may  be  due  to  blood.  A  reddish  tint  in  milk  may 
also  result  from  feeding  cows  on  plants  containing  much  red  pigment, 
such  as  madder  root.  Again  a  red  color  will  also  be  produced  by  the 
Bacillus  erythrogenus,  which  is  without  sanitary  significance. 

Milk  Flavor. — Flavors  in  milk  vary  from  time  to  time,  due  largely 
to  the  food  the  cow  eats.  Wild  onions  even  in  very  small  quantities  mark- 
edly afi'ect  the  flavor  of  the  milk.  This  effect  may  last  for  some  days. 
It  is  also  well  known  that  the  flavor  of  milk  is  readily  affected  by  tur- 
nips, garlic,  mouldy  hay,  damaged  ensilage  and  distillery  waste.  Cows 
are  usually  good  botanists  and  rarely  eat  wild  onions,  garlic,  etc.,  but 
they  cannot  always  be  relied  upon,  so  far  as  food  is  concerned.  Cows 
grazing  in  pastures  where  poisonous  herbs  and  weeds  grow  are  liable  to 
feed  upon  these  objectionable  plants,  the  poisonous  odors  of  which  pass 
into  the  milk.  Herds  producing  certified  milk  are  not  allowed  to  graze 
at  large. 

It  is  generally  held  that  the  milk  from  cows  fed  upon  mouldy  grain 
and  damaged  ensilage  will  cause  gastro-enteric  disorders  in  persons  who 
partake  of  the  milk.  It  is  well  known  that  mother's  milk  contains  cer- 
tain protective  antibodies.  Infants  reared  on  mother's  milk  are  supposed 
to  have  more  resistance  to  certain  diseases  than  infants  raised  on  cow's 
milk. 

PRODUCTION  OF  CLEAN  MILK.— The  production  of  clean  milk  is  a 
comparatively  simple  matter,  but  it  requires  painstaking  care  and  con- 
stant supervision  and  is  best  undertaken  by  persons  trained  in  dairying. 
The  first  consideration  is  a  healthy  cow  which  must  be  kept  clean  and  fed 
upon  good,  wholesome,  nutritious  food.  The  entire  herd  should  be  semi- 
annually tested  for  tuberculosis  and  no  cow  should  be  added  to  the  herd 
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which  has  not  successfully  passed  the  tuberculin  test  within  the  preceding 
three  months.  Long  hair  on  the  udder  and  surrounding  parts  should  be 
removed.  The  cows  should  be  well  groomed  an  hour  before  milking. 
The  udder  and  surrounding  parts  should  be  thoroughly  washed  with 
clean  water  and  clean  cloths  just  before  milking.  ]So  employee  suffer- 
ing with  a  sore  throat  or  any  infectious  or  contagious  disease  should  be 
allowed  about  the  stables  or  dairy  building.  The  stables  should  be  clean, 
light  and  airy.  No  dogs,  hogs,  fowls  or  other  animals  should  be  allowed 
about  the  cow  barn.  Nothing  that  would  tend  to  stir  up  dust,  such  as 
sweeping,  should  be  allowed.  The  water  supply  should  be  absolutely 
pure.  The  drainage  of  the  cow  barn  floors  should  be  perfect  and  the 
daily  removal  of  waste  should  be  carefully  attended  to.  The  milkers 
should  wear  clean  clothes  and  their  hands  should  be  scrupulously  clean 
and  kept  dry  while  milking.  The  milk  pails  and  other  vessels  should  be 
scalded  with  boiling  water  before  use.  While  engaged  in  handling  milk 
no  employee  should  use  tobacco  or  intoxicating  liquors.  They  should  also 
keep  their  hands  away  from  the  mouth  and  nose. 

THE  HANDLING  AND  CARE  OF  MILK.— In  order  to  produce  clean, 
wholesome  milk,  the  main  question  is  cleanliness  of  barns,  of  cows,  of 
attendants,  healthy  cows  and  good,  wholesome  food.  The  question  of 
handling  is  reduced  to  cleanliness  of  milk  vessels  and  protection  of  the 
milk  from  contamination  by  dust  and  dirt  and  to  keeping  the  milk  cool. 
The  milk  should  be  immediately  cooled  after  milking  and  kept  cool  until 
used.  This  can  best  be  accomplished  by  using  some  of  the  modern  milk 
coolers. 

According  to  the  Creamery  Journal,  the  best  method  of  preserving 
milk  in  hot  weather  is  as  follow^s: 

When  the  milk  is  drawn  from  the  eow,  it  should  at  once  be  cooled  down  by 
means  of  a  circular  capillary  cooler  in  which  there  is  cold  water  or  brine.  The 
best  temperature  to  attain  is  38°  F.,  obtained  by  means  of  the  refrigerator  or  ice. 
The  latter  method  is  expensive  and  the  treatment  can  only  be  done  in  a  large 
dairy.  When  the  proper  temperature  is  reached  the  milk  is  ready  for  the  road. 
Upon  arrival  in  town  it  should  be  pasteurized  by  heating  it  to  140°  F.  for  twenty 
minutes  and  then  promptly  placed  in  bottles  which  have  been  washed  and  dried. 
The  bottles  should  be  closed  by  a  stopper  and  cooled  to  38°  F.  by  water  or  in  a 
cold  room  before  being  sent  out  to  the  consumer. 

TRANSPORTATION  OF  MILK.— At  no  time  between  the  cooling  of  the 
milk  and  its  delivery  should  its  temperature  be  allowed  to  go  much  below 
the  freezing  point,  32°  F.     The  dispensing  of  milk  from  open  cans  in 
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shops  or  wagons  should  not  be  allowed.  The  safest  method  of  marketing 
milk  is  in  bottles  sealed  from  dust  and  contamination. 

ADULTERATION  OF  MILK.— Adulteration  of  milk  is  accomplished  in 
many  ways,  usually  (a)  by  adding  water,  (6)  by  removing  the  cream 
without  the  addition  of  water,  (c)  by  adding  preservatives.  The  adding 
of  water  was  formerly  detected  by  the  use  of  the  lactometer,  an  instru- 
ment for  determining  the  specific  gravity  of  milk.  The  instrument  sinks 
to  a  definite  point  in  pure  milk  of  a  specified  temperature.  However,  the 
lactometer  is  not  of  much  use  if  the  cream  has  been  removed.  If  the 
cream  is  removed  it  can  be  detected  by  the  Bah  cock  tester,  a  simple  in- 
strument; it  is  a  centrifugal  machine,  containing  a  bottle  with  a  long 
neck  graduated  to  show  percentages  of  fat.  Machines  of  this  type  are 
in  use  at  all  dairies  and  milk  factories. 

The  Use  of  Preservatives. — The  use  of  preservatives  is  often  re- 
sorted to,  to  prevent  the  souring  of  milk.  Sodium  bicarbonate  (ordinary 
baking  soda)  was  formerly  used  to  neutralize  the  lactic  acid;  more  re- 
cently boric  acid,  peroxid  of  hydrogen  and  formalin  have  been  used  as 
preservatives.  The  addition  of  any  preservative  to  milk  cannot  be  too 
strongly  condemned.  The  practice  is  rightly  forbidden  in  many  cities 
and  states.  A  food  of  such  great  importance,  frequently  the  sole  depend- 
ence for  the  nourishment  of  infants  and  invalids,  should  be  kept  free  from 
adulteration. 

MILK   PRODUCTS 

SKIM  MILK.— Skim  milk  is  that  milk  which  remains  after  removal 
of  the  cream  by  hand  or  machine.  It  contains  the  proteins  and  carbo- 
hydrates of  the  milk  and  is  an  excellent  food  substance.  In  reality,  it  is 
whole  milk  deprived  of  its  fat.  It  still  contains  the  valuable  proteins,  a 
little  fat,  the  milk  sugar  and  most  of  the  mineral  salts.  When  the  fat 
is  removed  by  hand  the  milk  is  put  aside  to  "set,"  for  the  cream  to  rise. 
During  this  period  the  milk  undergoes  changes,  owing  to  the  develop- 
ment of  bacteria,  which  more  or  less  impair  its  freshness.  As  a  result, 
hand-skimmed  milk  is  not  so  desirable  and  is  usually  fed  to  pigs  and 
poultry. 

However,  with  the  improved  centrifugal  separators  the  fat  can  be 
removed  immediately  after  it  is  drawn,  leaving  a  shim  milk — a  food  of 
no  mean  value,  which  can  be  used  in  cooking  as  a  substitute  for  whole 
milk.     Skim  milk  is  of  course  not  a  suitable  food  for  infants. 

Composition  of  Skim  Milk. — The  amounts  of  fat  in  hand-skimmed 
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milk  and  separator-skimnicd  milk  arc  graphically  given  in  the  tahlo  below, 
from  Tibbies: 

COMPOSITION  OF  SKIM  MILK,  PERCENTAGES 


Hand  skimmed 

Machine  skimmed 

Water 

Casein  and  Lactalbumin 

89.73 
3.95 

.89 
4.62 

.81 

90.25 
4.02 

Fat          

.25 

Lactose 

4.65 

Ash 

.85 

CREAM. — When  milk  is  allowed  to  stand  in  shallow  pans  for  some 
hours  in  a  cool  place,  at  a  temperature  of  about  00"  F.,  the  fat  globules 
and  some  little  adhering  substance  rise  to  the  surface  and  give  us  what  in 
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Fig.  23.— Percentage  Composition  and  Fuel  Value  Per  Pound  of  Whole  Milk  and 
Some  Milk  Products.  The  constituents  are  expressed  in  per  cent  and  the  fuel 
values  in  calories  per  pound.     (Bull.  No.  363,  U.  S.  Dept.  Agric.) 
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dairying  is  termed  cream,  which  in  reality  is  butter  fat.  This  fat  is  in 
the  form  of  an  emulsion;  that  is,  the  small  fat  globules  do  not  coalesce 
to  make  a  clear,  oily  liquid,  due  to  some  special  viscosity  of  the  liquid. 
One  reason  for  this  is  believed  to  be  the  fact  that  each  fat  droplet  in  milk 
is  surrounded  by  an  albuminous  envelope.  So  long  as  this  envelope  is  in- 
tact, the  emulsion  is  secure;  but  as  soon  as  this  is  broken  by  agitation, 
or  softened  and  dissolved  during  the  process  of  souring,  the  fat  droplets 
readily  run  together  and  destroy  the  emulsion.  For  this  reason  it  is  much 
easier  to  make  butcer  from  cream  that  is  '^ripe"  or  partly  fermented. 

Devonshike  Cream. — Devonshire  cream  is  a  cream  product  some- 
times termed  dotted  cream  and  is  very  popular  in  Great  Britain.  It  is 
made  by  allowing  pans  of  milk  to  stand  undisturbed  in  a  cool  place  until 
cream  rises  and  then  scalding,  care  being  taken  not  to  disturb  the  cream 
on  top  of  the  milk.  When  this  is  properly  done  and  the  pans  allowed  to 
cool,  the  cream  may  be  taken  off  in  a  thick,  clotted  condition  ready  for 
use.     It  has  a  peculiar,  nutty  flavor,  which  most  persons  relish. 

Comparative  Analysis  of  Mii.k  and  Milk  Products. — The  com- 
parative analysis  of  milk  and  milk  products  is  graphically  expressed  in 
the  following  table  from  Hall  on  "Nutrition  and  Dietetics" : 

MILK  AND  MILK  PRODUCTS 


Water 

Proteins 

Fats 

Sugar 

Salts 

Lactic  Acid 

Milk 

86.8 
88.0 
90.6 
66.0 
36.8 
6.0 

4.0 
4.0 
3.8 
2.7 
33.5 
0.3 

3.7 

L8 

L2 

26.7 

24.3 

91.0 

4.8 
5.4 
3.3 

2.8 

0.7 
0.8 
0.6 
L8 
5.4 
2.7 

Skim  milk       

Buttermilk 

Cream 

0.3 

Cheese 

Butter 

BUTTERMILK.— Buttermilk  differs  from  whole  milk  and  from  skim 
milk.  It  contains  very  little  fat.  It  is  as  rich  in  protein  (casein)  as 
milk,  and  since  this  is  in  a  finely  divided  condition,  buttermilk  is  quite 
readily  digested.  Buttermilk  contains  very  nearly  as  much  milk  sugar 
as  whole  milk,  as  the  loss  due  to  lactic  acid  fermentation  is  very  small. 
The  presence  of  lactic  acid  in  buttermilk  makes  it  an  excellent  diet  in 
the  treatment  of  certain  diseases.  Buttermilk  is  often  used  as  a  bever- 
age and  has  practically  the  same  food  value  as  skim  milk.  It  is  easily 
digested  and  very  nutritious.    An  ordinary  glass  contains  about  as  much 
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nourishment  as  two  ounces  of  bread,  a  good  sized  potato,  or  a  half  pint 
of  oysters.  To  many  individuals  buttermilk  is  quite  as  palatable,  or 
even  more  so,  than  whole  or  skim  milk,  but  some  find  the  sour  taste  un- 
inviting. Its  casein  forms  a  more  tlnky  curd  than  that  of  ordinary  milk. 
Duttcrmilk  is  frequently  fed  to  bahic^s,  especially  in  Holland,  and  is 
especially  valuable  when  the  protein  of  ordinary  milk  interferes  with  the 
digestive  process. 

UsK  OF  BuTTKKMiLK. — Tho  goHcral  uso  of  buttcmiilk  in  this  coun- 
try is  rapidly  increasing,  so  much  so  that  it  is  freijuently  made  from 
whole  milk  by  inoculating  it  with  la(;tic  acid  bacilli.  This  is  a  pleasant, 
wholesome,  nutritious  drink  much  in  vogue  at  the  present  time.  It  con- 
tains the  casein  of  the  milk  in  a  finely  coagulable  form,  has  a  pleasant 
acrid  taste  and  contains  lactic  acid  bacnlli  and  the  fat  of  the  whole  milk. 
It  is  useful  in  feeding  invalids,  especially  those  suffering  from  certain 
forms  of  gastric  and  intestinal  disorders. 

Analysis  of  Buttermilk. — Ordinary  buttermilk,  according  to  Wiley, 
shows  the  following,  analysis : 

From  Sweet       From  Sour 

Cream  Cream 

Water    89.74  90.93 

Fat     1.21  0.31 

Milk  Sugar 4.98  4.58 

Protein 3.28  3.37 

Ash    0.79  0.81 

Acidity    0.80 


WHEY.— Just  as  buttermilk  represents  the  residue  of  milk  from  butter 
making,  so  whey  represents  what  is  left  from  cheese  making.  It  con- 
sists mainly  of  water,  milk  sugar  and  mineral  matters.  Whey  is  decidedly 
less  nutritious  than  skim  milk  or  buttermilk,  but  is  occasionally  useful 
as  a  mild  laxative  drink  for  invalids.  The  so-called  luliey  cure  is  a  means 
of  treatment  sometimes  resorted  to  in  continental  Europe  in  cases  of  dys- 
pepsia, especially  when  occurring  in  gourmands.  Its  range  of  usefulness 
is  much  the  same  as  the  grape  cure.  As  in  the  grape  cure,  large  allow- 
ance must  be  made  for  the  favorable  influence  of  the  open  air  and  exer- 
cise which  form  a  part  of  the  regimen. 

Home-made  Whey. — Whey  may  be  made  at  home  by  cooking  sweet 
milk  with  some  acid  material,  such  as  vinegar,  lemon  juice,  sour  wine  or 
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cream  of  tartar,  or  even  with  sour  milk.     Such  whey  differs  but  little  in 
composition  from  regular  cheese  whey.     ^Tresh  curds  and  whey"  is  an 
old-fashioned  dish  still  used  to  some  extent,  though  less  common  than  it 
was  when  cheese  making  was  regularly  carried  on  as  a  home  industry. 
According  to  Hutchison,  whey  has  the  following  composition: 

Water    93.64  per  cent 

Protein 0.82     ''       " 

Fat    0.24     "       " 

Sugar    4.65     "       " 

Mineral  Matter   0.65     "       " 


BONNYCLABBER. — Bonny clabber  is  soured  milk,  in  which  the  curd  and 
whey  are  served  in  the  same  dish  and  usually  eaten  with  the  addition  of 
sugar.  Curds  and  whey  and  junket  are  milk,  coagulated  by  the  addition 
of  rennet.  Sometimes  the  whey  is  removed  and  used  as  a  food  for  inva- 
lids and  children. 

JUNKET.— A  favorite  dish  for  invalids  and  for  general  use  is  prepared 
by  adding  rennet  to  milk  and  allowing  it  to  stand  undisturbed  until  it 
thickens  or  coagulates- — that  is,  until  the  casein  is  precipitated.  If  the 
process  is  carefully  carried  out,  a  thick,  custard-like  product  results.  If, 
however,  it  is  stirred,  the  casein  readily  breaks  up  and  separates  from  the 
whey.  There  are  a  number  of  preparations  of  rennet  on  the  market  de- 
signed especially  for  making  junket,  all  of  them  giving  satisfactory  re- 
sults. 

KUMISS. — Kumiss  is  a  milk  preparation  of  considerable  antiquity. 
Books  written  early  in  the  thirteenth  century  hint  of  its  existence  almost 
as  far  back  as  the  dawn  of  Christianity.  Kumiss  is  made  by  fermenting 
mare's  milk.  The  home  of  kumiss  is  in  the  steppes  of  European  Russia 
and  of  central  and  southwestern  Asia.  It  is  made  by  tribes  of  nomadic 
Tartars  from  the  milk  of  the  hardy  mares  of  the  steppes.  They  add  spe- 
cial yeast  ferments  to  the  milk,  which  liberate  carbon  dioxid,  which  gives 
to  kumiss  its  sparkling  or  effervescent  qualities.  The  flavor  differs  with 
the  process  of  manufacture.  This  beverage  contains. from  one  to  two  per 
cent  of  alcohol  and  less  than  one  per  cent  of  lactic  acid.  The  casein  is 
somewhat  modified  during  the  process  of  fermentation. 

KEPHTR.— Kephir(19)  is,  as  it  were,  a  spurious  kumiss  and  was  first 
produced  in  the  Caucasus  Mountains  from  cow's  milk,  fermented  with 
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kepliir  grains*  which  contain  a  special  ferment.  The  mode  of  prepara- 
tion is  somewhat  as  follows:  Cow's  or  goat's  milk  is  put  into  a  container 
and  coagidated  with  a  piece  of  calf's  or  sheep's  stomach.  The  container 
is  agitated  from  time  to  time,  more  milk  being  added  as  the  former  co- 
agulates. In  the  process  of  time,  yellowish  bodies  of  a  seed-like  character 
mid  about  the  size  of  a  small  pea  are  formed  in  the  mass.  These  small 
bodies  arc  the  result  of  tlie  fungus-like  kephir  grains  which  were  orig- 
inally added  to  the  milk  and  which  are  essential  for  the  production  of  the 
beverage.  When  ready  to  make  kephir  one  of  these  small  grains  is  soaked 
in  a  small  quantity  of  milk  until  it  swells  up  or  is  "ripe."  The  ripened 
grain  is  then  put  into  the  milk,  previously  warmed,  which  is  to  be  fer- 
mented. Lactic  and  alcoholic  fermentation  begins  in  a  few  hours  and  is 
allowed  to  proceed  from  one  to  three  days.  Kephir,  as  previously  stated, 
is  not  kumiss.  It  may  be  regarded  as  bearing  much  the  same  relation  to 
kumiss  as  margarin  does  to  butter.  Kephir  contains  nearly  two  per  cent 
alcohol  and  probably  has,  for  all  practical  purposes,  the  same  nutritive 
qualities  and  value  as  knmiss,  but  it  is  not  genuine  kumiss. 

Double  Fermentation  in  Kumiss  and  Kephir. — A  double  fermen- 
tation takes  place  during  the  brewing  of  kumiss  and  kephir.  The  sugar 
of  milk  is  partly  converted  into  lactic  acid  by  lactic  fermentation.  In 
part  a  vinous  fermentation  takes  place  similar  to  that  which  occurs  in  the 
making  of  wine. 

The  lactic  fermentation  begins  first  and  lasts  longer.  It  is  the  aim  of 
the  kumiss  maker  to  retard  the  lactic  fermentation  as  much  as  possible 
and  to  promote  the  vinous  fermentation. 

It  has  been  found  that  mare's  milk  is  a  much  better  medium  for  this 
double  fermentation  than  is  the  milk  of  the  cow,  and  this  is  so,  oddly 
enough,  for  the  very  reasons  which  make  mare's  milk  a  poorer  food  than 
cow's  milk.  Mare's  milk  contains  less  casein  and  fat  than  cow's  milk, 
but  has  more  sugar.  The  sugar  of  mare's  milk  lends  itself  more  readily 
to  lactic  acid  fermentation  than  the  sugar  of  cow's  milk  does.  That  cow's 
milk  is  richer  in  fats  is  a  disadvantage  to  the  process  of  fermentation, 


1  Kephir  grains  resemble  little  fragments  of  cauliflower.  Their  fermentative  power 
appears  to  be  entirely  due  to  the  saccharomyces  mycoderma.  In  addition  to  this,  they 
contain  lactic  acid  producing  organisms.  The  so-called  bacterium  dispora  Caucasica, 
which  they  contain,  does  not  appear  to  play  any  essential  rftle  in  the  process,  unless, 
perhaps,  it  helps  to  liquefy  the  precipitated  caseinogen.  For  a  full  account  of  the 
history  of  kephir  and  mode  of  preparation  see  "Le  Kephir,"  by  Padwyssotsky  (Paris: 
C.  Naud,  1902).    This  monograph  contains  a  full  bibliography. 
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since  there  is  apt  to  be  produced  from  it  small  quantities  of  butyric  acid, 
which  is  extremely  irritating  to  the  stomach. 

Hutchison's  description  of  the  chemical  changes  taking  place  in  milk 
during  the  process  of  double  fermentation  is  worth  consideration.  Part 
of  the  sugar  is  changed  by  the  lactic  ferment  into  lactic  acid.  A  very 
little  of  the  protein  is  eaten  up  by  the  vinous  ferment;  and  simulta- 
neously this  ferment  acting  on  the  sugar  creates  from  the  latter  a  small 
quantity  of  alcohol  and  a  large  quantity  of  carbonic  acid  gas.  Through 
this  process  the  milk  sours  and  becomes  effervescent  with  a  small  alco- 
holic content.  Moreover,  the  lactic  acid  precipitates  the  casein  in  flocculi 
just  as  in  the  ordinary  souring  of  milk. 

A  most  important  factor  in  the  process  of  making  kumiss  is  the  neces- 
sity of  constant  stirring.  By  this  agency,  oxygen  is  given  access  to  the 
liquid,  and  in  addition  the  precipitated  casein  is  broken  up  by  this  agi- 
tation into  very  minute  particles  (20).  To  this  condition  of  the  casein 
is  due  in  large  part  the  ease  with  which  this  beverage  can  be  digested. 
In  the  process  of  fermentation  at  least  a  small  proportion  of  the  casein 
seems  to  be  changed  into  soluble  products  by  means  of  what  may  be 
termed  spontaneous  (21)  digestion,  for  it  is  known  that  a  little  peptone 
exists  in  ordinary  kephir. 

The  maker  of  kumiss  is  familiar  with  the  gradual  nature  of  the  fer- 
mentation processes.  Even  after  the  liquid  has  been  fermenting  for 
twelve  hours,  the  kumiss  still  lacks  the  agreeable  twang;  it  is  still  weak 
and  has  just  turned.  But  after  the  lapse  of  twenty-four  hours,  or  even 
longer,  nearly  all  of  the  sugar  has  been  changed,  and  the  appetizing 
kumiss,  thin,  sour,  with  lively  effervescence,  has  been  evolved.  After 
reaching  this  stage,  kumiss  can  be  stored  for  indefinite  periods  and  can 
be  relied  upon  not  to  change  to  any  appreciable  extent. 

YOGHOORT.— Yoghoort  (or  Janert  lactic  acid  bacteria),  which  is  found 
in  the  market  as  a  material  for  making  a  milk  beverage,  consists  of  three 
bacteria,  viz. :  Bacillus  hulgaricus,  which  produces  lactic  acid,  a  lactic  acid 
streptococcus  and  Bacteria  lactii  acid  guntheri.  Skim  milk  is  boiled 
or  pasteurized,  cooked  and  inoculated  with  these  bacteria  and  allowed  to 
stand  for  some  time  in  a  warm  place  to  facilitate  their  growth.  Later  it 
is  cooled  and  will  keep  for  some  time  on  ice. 

Composition  of  YoGirftoRT. — The  composition  of  yoghoort  is: 

Protein T.40     Salts 1.38 

Sugar   9.40     Alcohol 0.20 

Fats    Y.20    Lactic  Acid 0.80 
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Yoghoort  is  very  digestible,  inasmuch  as  the  caseiu  and  albumin  con- 
tained therein  are  rendered  soluble  as  peptones  and  albumoses,  and  the 
lime  salts  are  in  solution  to  the  extent  of  OS  per. cent 

it  has  been  claimed  by  Metchnikotl"  that  the  great  age  attained  by  the 
Bulgarian  peasants  is  due,  in  part,  to  the  long  and  continued  use  of  sour 
milk  products. 

MATZOON. — Matzoon  is  another  sour  milk  product,  introduced  into  this 
country  from  Armenia.  This  product  is  fermented  by  lactic  acid  fermen- 
tation and  enriched  by  the  addition  of  cream.  *' 

LEBEN  OR  YAOURT.— Leben  or  yaourt  is  the  product  of  milk  coagu- 
lated by  moya,  a  special  ferment.  The  following  process  is  used:  The 
desired  quantity  of  cow's  milk  is  boiled  down  to  one-half  its  volume. 
After  being  cooled  to  113°  F.,  the  moya  ferment  is  added.  The  con- 
tainer is  kept  at  a  uniform  temperature  of  about  68°  F.  for  from  eight 
to  ten  hours.  During  this  time  it  should  be  protected  from  draughts. 
At  the  end  of  this  period  the  fluid  is  cooled  and  is  then  ready  for  use. 
In  consistence  it  is  thick  and  creamy,  having  masses  of  coagulated 
casein.  It  is  agreeably  acid  to  the  taste  and  many  people  find  it  a  most 
desirable  food. 

BUTTER.— Butter  is  an  animal  food  of  very  great  importance.  It  is 
the  most  easily  digested  and  assimilated  of  all  animal  foods.  The  reason 
why  it  is  so  easily  digested  is  because  its  melting  point  is  low  as  com- 
pared with  other  animal  fats.  It  is  an  exceedingly  valuable  food  and  a 
source  of  fuel  value  in  debilitating  diseases  such  as  phthisis,  diabetes,  etc. 
The  trophodjTiamic  and  trophotherapeutic  value  of  butter  is  fully  con- 
sidered in  Volume  I,  (chapter  XIV.  The  production  of  butter  in  the 
United  States,  according  to  Census  in  1909,  was  1,994,650,610  pounds, 
valued  at  $422,861,790. 

CHEESE. — Cheese  is  a  very  ancient  form  of  food.  In  fact,  its  origin 
and  mode  of  manufacture  are  lost  in  the  mists  of  antiquity.  Cheese  as 
a  foodstuff  was  used  by  the  Israelites,  Greeks  and  Romans  thousands  of 
years  prior  to  the  Christian  era.  Back  and  beyond  these  early  days  the 
stomach  of  various  animals  was,  and  in  some  countries  still  is,  used  as  a 
container  for  the  storage  and  transport  of  liquids.  It  is  within  the  bounds 
of  a  possibility  that  the  discovery  of  cheese  was  an  accident  arising  out  of 
the  storage  of  milk  in  stomachs  which  were  too  fresh  or  were  not  properly 
freed  of  mucous  membrane  containing  rennin.  A  small  piece  of  veil  or 
rennet  (which  is  contained  in  the  fourth  stomach  of  the  calf^  about  one 
and  one-half  inches  in  diameter  is  said  to  coagulate  enough  milk  to  make 
sixty  pounds  of  cheese. 


342 


ANIMAL    AND    FISH    FOODS 


The  Making  of  Cheese. — It  will  be  unnecessary  to  repeat  here  all 
that  has  been  said  in  the  preceding  pages  concerning  the  action  of  rennin 
upon  milk.  Cheese  making,  however,  depends  upon  the  activity  of  ren- 
nin, chymosin  or  labferment,  as  the  enzyme  is  frequently  called.  A  milk 
rich  in  fat  requires  more  rennet  than  a  poor  milk.     An  excess  of  rennet 
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causes  the  curd  to  be  less  adhesive,  tougher  and  drier,  communicating  an 
unpleasant  flavor  and  delays  the  ripening  of  the  cheese. 

Cheese  is  manufactured  through  the  precipitation  by  the  rennet  of  the 
casein  and  cream  of  milk  as  a  curd.  It  may  be  made  from  the  milk  of 
any  animal,  but  fresh  cow's  milk  is  chiefly  used. 

The  precipitate  contains  most  of  the  casein  and  fat,  besides  some  milk 
sugar,  sodium  chlorid,  alkalin  and  earthy  phosphates.  The  whey  or 
liquid  is  strained  off;  the  curd  is  pressed  into  shapers  in  moulds  and  the 
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cheeses  are  frequently  turned  over  at  stated  periods  to  facilitate  the  com- 
plete drainage  of  the  whey  so  that  the  moisture  may  be  evenly  distributed 

and  «::radiiully  (n-aponited. 

In  the  ordinary  process  of  cheese  making  in  the  United  States,  the 
casein  is  coagulated  by  the  addition  of  rennet  to  fresh  cow's  milk  brought 
to  a  temperature  of  about  106°  F.  The  batch,  while  still  warm,  is  beaten 
with  a  mechanical  stirrer  to  break  the  chnnks  of  the  curd  into  small 
pieces.  It  is  then  transferred  to  cloths  often  contained  in  moulds,  and 
when  pressure  is  applied  the  whey  is  squeezed  out  in  a  press. 

When  the  cheese  has  become  solid  it  is  removed  from  the  moulds, 
stored  in  well  aired  rooms  and  allowed  to  season  while  the  flavor  develops 
under  the  action  of  bacteria.  During  the  process  of  ripening,  the  flavor 
is  greatly  improved  and  there  is  also  an  increased  solubility  of  the  pro- 
teins with  the  formation  of  aromatic  compounds. 

Milks  must  be  ripened  before  the  rennet  will  act.  This  is  brought 
about  by  an  addition  of  a  certain  amount  of  lactic  acid  which  later  assists 
in  the  ripening  of  the  cheese.  Some  cheese  experts  claim  that  the  fat  test 
is  not  a  good  basis  upon  which  to  purchase  milk  for  cheese  factories  as 
the  cheese-making  value  of  milk  depends  largely  upon  the  amount  of 
casein ;  but  it  has  been  shown  that  milk  which  is  high  in  fat  is  also,  as  a 
rule,  high  in  casein. 

Varieties  of  Cheeses — Soft  Cheeses. — Cheeses  are  made  soft  or 
hard  according  to  temperature  and  pressure  used  in  their  manufacture. 
Soft  cheeses  are  made  by  precipitating  the  curd  at  a  low  temperature  and 
using  very  slight  pressure  in  the  after  treatment. 

Good  examples  of  soft  cheese  are: 

English  cream  cheese,  which  contains  50  to  TO  per  cent  of  fat  and 
20  to  30  per  cent  casein. 

Cottage  cheese  (pot  cheese,  green  cheese)  is  the  simplest  form  of 
cheese.  It  consists  simply  of  a  fresh  coagulum  of  the  milk,  made  with  or 
without  the  addition  of  cream  and  forms  a  very  nutritious  and  palatable 
food.  Composition  water,  40  per  cent ;  protein,  25  per  cent ;  fat,  28  per 
cent ;  sugar,  2.5  per  cent ;  ash,  5  per  cent. 

Neufchdtel  has  about  41  per  cent  fat  and  17.5  casein. 

Camemhert  is  a  soft  cheese  of  a  buttery  consistency  covered  wnth  a 
reddish  brown  mould  which  is  usually  associated  with  excellence  of  flavor 
and  texture.  The  composition  of  this  variety  of  cheese  is  as  follows: 
Water,  48  per  cent ;  casein,  25  per  cent ;  fat,  21  per  cent,  and  mineral  mat- 
ter, about  5  per  cent. 
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Brie  is  a  French  cheese,  quite  similar  to  Camemhert  in  its  consistency 
and  composition.     It  has  a  strong  odor  suggestive  of  decomposition. 

Limburger  was  first  made  in  Belgium.  Most  of  this  variety  sold  in 
the  United  States  is  made  in  New  York  and  Wisconsin.  It  has  a  very 
disagreeable  putrefactive  odor.  It  has  the  following  composition :  Casein, 
25  per  cent;  fat,  34  per  cent;  water,  35  per  cent;  sugar,  ash,  etc.,  5  per 
cent. 

Hard  Cheeses. — Hard  cheeses  are  made  by  precipitating  the  casein 
at  a  high  temperature,  106°  F.,  and  subjecting  the  cheese  to  greater  pres- 
sure in  the  after  treatment.  There  are  many  varieties  of  hard  cheese.  A 
good  sample  is  Stilton,  made  from  new  milk  with  cream  added.  This 
variety  shows,  upon  analysis,  casein,  20  to  35  per  cent;  fat,  42  to  45  per 
cent.     It  is  similar  to  ripened  Roquefort  in  food  value  and  composition. 

Cheddar  is  a  hard  cheese  made  from  the  entire  milk.  It  contains 
casein,  27  per  cent,  and  fat,  25  per  cent.  It  was  first  made  at  Cheddar, 
England.  The  successive  steps  in  making  this  cheese  are :  setting,  cutting, 
heating,  cheddaring,  grinding,  salting,  pressing  and  curing.  This  cheese 
is  ripened  at  a  temperature  of  70°  F.,  requiring  from  four  to  six  weeks. 
When  made  from  whole  milk  it  is  called  full  cream  cheese.  If  part  of  the 
cream  is  removed  it  is  termed  Cheddar  cheese.  Our  American  factory 
cheese  is  of  the  English  Cheddar  type.  American  cheese  made  from  whole 
milk  contains  casein,  20  to  36  per  cent ;  fat,  20  to  35  per  cent. 

Gorgonzola  is  an  excellent  Italian  cheese  manufactured  in  the  north 
of  Italy.  It  has  a  rich,  pungent  flavor.  It  is  streaked  with  white,  bluish 
veins,  from  the  mold  penicillium  glaucum,  which  penetrates  the  mass. 
Gorgonzola  contains  about  26  per  cent  of  casein ;  the  same  amount  of  fat. 

Roquefort  is  a  peculiar  hard  cheese  made  from  the  milk  of  ewes  and 
contains  about  85  per  cent  casein  and  2  to  3  per  cent  of  fat.  A  great 
change  takes  place  during  the  process  of  ripening,  which  occurs  in  cold 
cellars  where  it  is  kept  for  some  eight  to  ten  weeks — the  fat  percentage 
increases  to  32  per  cent  and  the  casein  diminishes  to  43  per  cent. 

Fresh,  Cooked  and  Skim-milk  Cheeses. — The  average  fresh  cheese 
contains  about  the  same  ratio  of  protein  and  fat  as  are  found  in  milk. 
More  than  one-fourth  is  protein  and  one-third  fat. 

Comparative  Food  Value  of  Cheeses. — For  the  purpose  of  show- 
ing the  comparative  ^ood  value  of  different  varieties  of  cheese,  we  give 
the  table  of  analysis  prepared  by  Pearmain,  Chattoway  and  Moor :  ^ 


iThe  Analyst,  July.  1804,  p.  146. 


MILK    AND    MILK    PKODUCTS 


345 


THE  COMPOSITION  OF  CHEESE.  PERCENTAGES 


Name 


Water 


Nitrogen 


Casein 


Fat 


Aah 


Valenta 
Test 

C.C.J5 


Reichert 
C.C.yV 


Knplisli  duHldjir. . 
Canadian  Cheddar 
American  Cheddar 

Gorgonzola 

Dutch 

Gruyere 

Stilton 

Cheshire 

Double  Gloucester 

Camembert 

Parmesan 

Roquefort 

Double  Cream 

York  Cream 

Bondon 

Cheddar,  average. 
American,  average 


33.S 
33.3 

29.8 

40.3 

33.9 

41.8 

37.6 

(28.2 

\35.7 

19.4 

21.2 

37.8 

31.6 

33.1 

37.4 

1 47.9 

U3.4 

29.6 
57.6 
63.1 
39.5 
33.5 
27.5 


4.20 
4.34 
4.76 
4.36 
4.06 
5.11 
4.58 
4.93 
4.49 
4.73 
4.14 
4.03 
4.16 
4.99 
4.50 
3.43 
3.83 

4.45 
3.14 
2.76 
1.48 
4.30 
4.60 


26.7 
27.6 
20.3 
27.7 
25.8 
32.5 
29.1 
31.3 
28.7 
21.1 
36.3 
25.7 
26.5 
31.8 
28.3 
21.8 
24.4 

28.3 
19.0 
17.9 
9.4 
27.4 
29.7 


30.5 
30.6 
33.9 
26.1 
26.7 
10.6 
22.5 
28.6 
31.8 
42.2 
45.8 
31.3 
35.3 
23.5 
28.1 
41.9 
22.6 

30.3 
39.3 
6.5 
24.4 
29.0 
30.4 


4.1 
3.6 
2.7 
5.3 
4.6 
6.3 
6.5 
4.7 
3.7 
2.6 
2.9 
4.2 
4.4 
5.0 
4.6 
4.7 
3.8 

6.7 
3.4 
1.4 
.7 
4.0 
4.5 


31.0 
41.5 
47.5 
26.5 
25.0 
40.0 
49.0 
37.5 
41.0 
38.5 
45.5 
43.0 
47.0 
38.0 
41.0 
32.0 
33.0 

i9.0 
40.0 
41.0 
42.0 


26.4 
24.0 
26.2 
22.1 
23.6 
27.0 
23.0 
30.0 
31.1 
29.0 
32.0 
31.6 
31.8 
31.4 
32.3 
31.0 
35.0 

36.8 
31.3 
29.0 
29.4 
25.9 


Cooked  cheeses  {Emmenthal  or  Gruyere,  ordinarily  known  in  this 
country  as  Swiss  cheese,  Parmesan)  are  excellent  foods. 

Albumin  Fats      Carbohydrates     Ash  Calories 

Emmenthal    ....   28.37  28.49  1.43  3.69  400 

Parmesan     39.34  18.97  1.95  4.72  357 

The  percentage  of  albumin  is  exceptionally  high,  which  makes  these 
varieties  the  most  nitrogenous  foods  known,  meats  and  vegetables  being 
outdistanced.  Fats  are  very  abundant,  for  which  reason  the  food  value 
of  the  Emmenthal  variety,  being  made  of  whole  milk,  exceeds  that  of  the 
Parmesan. 

Skim-milh  cheeses  are  made  from  skimmed  milk,  or  a  mixture  of 
whole  and  skimmed  milk.  There  is  no  legal  standard  for  such  cheeses, 
although  they  contain  less  fat  than  cheese  made  from  whole  milk.  The 
difference  is  not  so  great  when  partly  skimmed  milk  is  used.  In  Edam, 
Gloucester  or  Cheshire  cheese  the  fat  in  a  ripened  cheese  amounts  to  25 
or  30  per  cent.  Cheese  made  from  machine  skimmed  milk  may  contain 
no  more  than  5  per  cent  fat.  Such  cheese  is  usually  dry  and  tough  or 
crumbly,  instead  of  being  soft,  smooth  and  velvety  to  the  feel.     The  table 
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of  analysis  by  Bell  shows  the  proportion  of  contents  of  various  substances 
not  contained  in  the  foregoing  table,  e.g.,  lactic  acid,  fatty  acids  and  com- 
mon salt : 

COMPOSITION  OF  CHEESE,  PERCENTAGES 


Variety 


Stilton 

American  Red . .  . . 
American  Pale . .  . . 

Roquefort 

Gorgonzola 

Cheddar  (medium) 

Gruyere 

Cheshire. 

Gloucester  (single). 
Dutch 


23.57 
28.63 
31.55 
32.26 
31.85 
35.60 
33.66 
37.11 
35.75 
41.30 


39.13 
38.24 
35.93 
34.38 
34.34 
31.57 
30.69 
30.58 
28.35 
22.78 


32.35 
29.64 

28.83 
27.16 
27.88 
28.16 
30.67 
26.93 
31.10 
28.25 


1.24 


0.27 
1.32 
1.35 
.45 
.27 
.86 
.31 
.57 


3.51 
4.49 
3.42 

4.88 
4.58 
4.22 
4.71 
4.42 
4.49 
7.10 


J=!  O  o 

^(5 


pin 


51.19 
53.57 
52.49 
50.75 
20.39 
49.02 
46.26 
48.78 
44.12 
38.80 


52.50 
52.12 
53.34 
54.24 
53.09 
50.49 
47,07 
50.84 
45.24 
42.41 


.67 
.72 
0.82 
3.04 
2.11 
1.43 
.81 
1.69 
1.28 
4.45 


Fatty  Acids 
IN  THE  Fat 


Solu- 
ble 


4.42 
4.26 
4.81 
4.91 
4.40 
4.55 
4.41 
5.55 
6.68 
5.84 


Insol- 
uble 


88.96 
89.65 

88.49 
88.70 
89.18 

88.75 
88.97 
87.76 
86.89 
87.58 


Flavor  of  Cheeses. — The  flavoring  of  cheese  depends  largely  upon 
the  particular  species  of  germ  which  has  found  access  to  it  during  the 
process  of  ripening,  each  particular  variety  producing  definite  chemical 
bodies  which  impart  to  it  its  peculiar  characteristics.  It  is  well  known 
that  by  the  employment  of  a  variety  of  yeasts,  an  equal  variety  of  wines 
can  be  made  from  the  same  kind  of  grapes.  The  bouquet  and  character 
of  the  resulting  wines  differ  widely.  Turning  to  account  the  principle 
analogous  to  that  made  use  of  by  wine  makers,  the  manufacturers  of 
cheese  will  in  future  doubtless  discard  their  old-fashioned  rules.  Hutchi- 
son writes  that  various  European  countries,  including  England,  have 
already  instituted  the  new  regime. 

This  would  best  be  carried  on  by  means  of  a  laboratory  equipment 
for  each  factory.  Then,  instead  of  a  special  cheese  coming  from  a  cer- 
tain locality.  Brie,  Neufchdtel,  Limhurger,  Gorgonzola  and  other  varieties 
will  all  come  from  the  same  factory,  the  characteristic  taste  and  odor  of 
each  variety  depending  upon  the  individual  culture  that  produces  them. 
It  can  be  easily  imagined  that  cheeses  not  now  in  the  market  may  in  the 
future  be  made  by  the  elaboration  of  this  method. 

General  Chemistry  of  Cheese. — Whether  Dr.  Hutchison's  fore- 
cast will  ever  be  verified  or  not,  there  is  little  doubt  that  the  gross  chem- 
istry of  cheese  will  ever  be  much  altered.  After  a  careful  study  of  the 
tables  showing  analyses  and  composition,  we  conclude  that  cheese  is  a  food 
compound  consisting  essentially  of  protein  and  fat,  and  one  will  not  be 
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far  wrong  in  estimating  cheese  as  one-third  water,  one-third  fat  and  one- 
third  nitrogenous  matter.  There  is  eonsiderahle  mineral  matter  present 
in  cheese,  consisting  principally  of  the  salts  of  lime.  In  some  cheeses  we 
find  a  small  amount  of  milk  sugar. 

The  nitrogenous  matter  consists  principally  of  proteins,  but  by  no 
means  entirely  so.  Stutzer  estimates  the  following  different  forms  in 
which  nitrogen  occurs  in  Camemhert: 

Total  N    —2.9     per  cent 

N  as  annnonia — 0.386  "       " 

"     amids —0.117  "       " 

"     albnmoses  and  peptone.  .  .  .  — 0.885  "       " 

"     casein  and  albumin — 0.307  "       " 

"     indigestible  forms     —0.115  "       " 

The  exact  proportions  of  these  different  nitrogenous  bodies  will  vary 
considerably  in  different  cheeses,  but  it  is  well  to  note  the  large  amount 
of  non-protein  nitrogen  present,  which  must  be  allowed  for  in  an  estimate 
of  the  nutritive  value  of  cheese. 

Nutritive  Value  aisd  Digestive  Qualities  of  Cheese. — Cheese  is 
a  most  valuable  storage  food,  rich  in  flesh-forming  and  energy- producing 
material.  In  fact,  it  is  so  rich  in  nitrogen  and  fat  that  a  meal  of  bread 
and  cheese  supplies  the  needs  of  the  system  as  well  as  an  elaborate  meal 
from  soup  to  nuts.  Cheese  is  a  highly  nutritious  foodstuff.  An  infiltra- 
tion of  cheese  with  the  fat  which  it  contains  must  always  render  it  an 
article  of  diet  not  easily  digested,  for  the  fat  forms  a  water-proof  coating 
which  prevents  the  contact  of  the  digestive  juices  with  the  casein.  There 
are  many  people  with  delicate  stomachs  who  cannot  digest  cheese  at  all. 
It  is,  on  the  other  hand,  a  most  valuable  diet  for  people  who  lead  an  active 
outdoor  life,  or  those  whose  digestive  organs  are  healthy.  With  others, 
especially  those  who  lead  sedentary  lives,  a  small  piece  of  cheese  at  the 
end  of  a  meal  acts  as  a  stimulant  to  the  digestive  organs,  calling  forth  the 
muscular  activity  of  the  stomach,  stimulating  an  increased  flow  of  the 
gastric  juice ;  to  this  extent  it  is  an  aid  to  digestion.  To  individuals  who 
suffer  from  digestive  disorders  cheese  is  an  enemy  like  any  other  indi- 
gestible article  of  food,  and  should  be  rigidly  avoided. 

Another  reason,  probably,  for  the  disagreeable  effects  which  cheese  is 
apt  to  produce  in  the  stomach  is  that,  in  the  process  of  ripening,  small 
quantities  of  fatty  acids  are  produced,  which  are  always  very  irritating. 
The  stomach  is  the  only  digestive  organ  where  difficulty  is  experienced. 
Once  in  the  intestine,  it  is  absorbed  as  easily  and  completely  as  meat. 
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For  ease  of  digestion,  cheese  should  be  well  chewed  before  being  swal- 
lowed. It  is  a  well-known  fact  that  a  hard  mor§el  of  food  is  more  easily 
pulverized  than  a  soft  one,  and  for  this  reason  a  hard  piece  of  cheese  is 
more  easily  digested  than  a  moist  piece.  The  best  way  to  serve  Cheddar 
and  American  cheese  is  to  cook  it  with  macaroni  or  some  carbohydrate 
food  which  will  facilitate  its  proper  mastication  and  prompt  digestion. 
Williams,  on  the  "Chemistry  of  Cookery,"  alludes  to  the  chemistry  of 
casein  and  the  solubility  of  its  compounds  with  alkalies,  averring  that  the 
bicarbonate  of  potash  seems  to  combine  with  the  casein  of  the  cheese, 
bringing  the  latter  into  a  soluble  state.  The  amount  of  bicarbonate  of 
potash  which  will  cover  a  dime  is  sufficient  to  dissolve  a  quarter  of  a 
pound  of  cheese,  if  the  latter  be  first  chopped  into  fragments.  By  adding 
milk  and  eggs  to  the  grated  or  chopped  cheese,  with  which  the  bicarbonate 
of  potash  has  been  added,  a  very  savory  and  highly  nutritious  and  easily 
digested  pudding  can  be  prepared. 

There  can  be  no  doubt  of  the  high  nutritive  value  of  cheese  when  one 
recalls  that  a  pound  of  Cheddar  cheese  represents  the  total  casein  and 
most  of  the  fat  of  a  gallon  of  milk.  We  have  already  learned  that  cheese 
contains  moisture  one-third,  nitrogenous  matter  one-third  and  fat  one- 
third,  in  fairly  equal  proportions.  The  amount  of  moisture  in  lean  beef 
is  two-thirds,  the  balance  being  protein  and  fat,  the  former  largely  pre- 
dominating. Beef,  as  will  readily  be  seen,  contains  less  than  half  as  much 
nourishment  as  the  same  weight  of  cheese.  Williams  fathers  the  asser- 
tion that  from  a  caloric  point  of  view  20  pounds  of  cheese  contains  as 
much  nutriment  as  a  sheep's  carcass  of  60  pounds. 

The  fuel  or  caloric  value  of  cheese  as  a  foodstuff  is  high.  A  pound 
yields  fully  2,000  calories  of  energy,  which  is  more  than  three  times  the 
fuel  value  of  a  pound  of  moderately  lean  beef.  Besides,  a  pound  of 
cheese  can  be  purchased  at  one-third  the  cost  of  three  pounds  of  beef, 
which  is  its  nutritive  equivalent. 

Use  of  Cheese  in  the  Invalid  Diet. — Cheese  has  its  place  even  in 
the  sick  room.  It  renders  good  service  in  all  cases  requiring  a  strong  con- 
centrated nutriment,  as  in  tuberculosis,  neurasthenia,  diabetes,  convales- 
cence, etc.  By  its  savory,  piquant  flavor  it  lends  itself  charmingly  as  a 
means  of  modifying  the  milk  diet  in  an  acceptable  and  effective  manner, 
except  in  Bright's  disease  and  cardiac  disturbances. 

In  dyspepsia,  especially  in  the  hyposthenic  form,  in  enteritis  and  in 
enterocolitis,  the  easy  assimilation  of  a  certain  quantity  of  the  soft  un- 
salted  cheeses  and  their  peptogenic  and  antiputrefactive  elements  is  of 
decided  value  from  a  dietotherapeutic  viewpoint. 
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Subjection  to  Moulds — Resulting  Flavor. — The  types  of  cheese 
represented  by  the  Cheshire,  Canadian,  American,  English  Cheddar,  are 
subject  to  the  action  of  certain  yeast  nionhls  and  fungous  growths,  the 
nature  and  intensity  of  behavior  of  which  vary  witli  eacli  particular 
brand.  Their  casein  content  is  partially  peptonized  and  partly  trans- 
formed into  a  series  of  products  more  or  less  noxious,  such  as  leucin,  tyro- 
sin,  amino-acids  and  ammonia,  whence  they  derive  their  odors  and  savory 
qualities  that  give  each  cheese  its  peculiar  taste.  Thus  modified,  cheese 
preserves  the  qualities  of  its  peptogenic  and  assimilable  substances,  i.e., 
diastase,  secreted  by  the  yeast,  seems  to  continue  within  the  intestines, 
aiding  the  digestion  of  casein,  and  thereby  losing  completely  its  character 
of  an  antifermentative  and  slightly  toxic  food.  Such  cheeses  are  not 
advisable  as  a  food  in  dyspepsia,  enterocolitis,  arthritis,  heart  and  liver 
troubles  and  in  Bright's  disease. 

Manufacture  of  Cheeses  in  America. — Of  the  cheeses  manufac- 
tured in  the  United  States,  at  least  three-fourths  are  the  ordinary  Amer- 
ican cheese,  while  among  other  varieties  are  the  types  of  foreign  brands, 
such  as  Neufchdtel,  Stilton,  etc.  New  York  and  Wisconsin  together  pro- 
duce three-fourths  of  the  entire  output  of  this  country.  The  1909  census 
shows  that  not  less  than  320,532,000  pounds  of  cheese  is  made  yearly  in 
the  United  States.     In  1910  Canada  exported  186,000,000  pounds. 

EGGS   AND    EGG    PRODUCTS 

Varieties  of  Edible  Eggs. — Eggs  of  birds  are  used  for  food  in  all  parts 
of  the  world,  and  so  far  as  is  known,  the  eggs  of  every  species  of  bird  may 
be  safely  consumed  for  food.  The  eggs  of  domesticated  birds  are  used 
for  food  to  a  very  great  extent,  especially  those  of  the  barnyard  fowls: 
chicken,  guinea  foivl,  duchs,  turkeys  and  geese.  Pheasants  and  guinea 
hens'  eggs  are  considered  a  delicacy.  Turkey  eggs  are  as  mild  as  hens' 
eggs.  The  gminea  fowl's  e^g;  is  smaller  but  more  delicate  than  the  hen's 
Qgg.  Goose  eggs  are  well  flavored,  l^uck  eggs  arc  very  rich  and  both  are 
heavy  and  oily.  The  eggs  of  wild  birds,  such  as  the  woodcock,  plover  and 
partridge,  are  especially  sought  after. 

Besides  the  eggs  of  fowls  and  wild  birds  previously  mentioned,  the 
eggs  of  the  turtle  and  terrapin  are  prized  as  a  food  as  well  as  the  eggs  of 
fish.  Shad  roe,  especially,  and  the  eggs  of  the  sturgeon,  preserved  in 
salt  and  known  as  caviare,  are  considered  a  delicacy  in  some  countries  {see 
page  303).  As  may  be  assumed,  the  eggs  of  the  heron  and  other  sea  fowl 
have  a  fishy  taste. 


Fig.  25. — Appearance  of  Different  Grades  of  Eggs  before  the  Candle.     The  illus- 
tration shows    (a)   fresh  egg,    (b)    s^ale  egg,    (c)    fungous     spots"  egg,    (d)    black 
rotten  egg.     These  are  enlarged  one-third.      (Yearbook  U.   S.  Dept    Agric     1911 
Plate  XLIX.)  ^      ''  ' 
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Eggs,  like  milk,  form  a  cumpleto  food,  that  is,  they  contain  tlic  proper 
proportion  of  each  of  the  fundamental  food  elements  necessary  to  sustain 
and  preserve  life.  Eggs  and  milk  are  the  only  examples  of  a  complete 
food  furnished  by  the  animal  kingdom. 

COiMPOSiTlON  OF  ECiGS,— Ilen.s'  eggs  are  more  largely  consumed  than 
those  of  other  barnyard  fowls  and  for  this  reason  they  will  be  referred 
to  as  the  ''type"  under  discussion.  A  hen's  egg  of  average  size  weighs 
about  two  ounces,  the  weight  being  distributed  as  follows:  the  shell  11 
parts,  the  white  58  parts,  and  the  yolk  30  parts.  The  following  table 
taken  from  Langworthy(22)  shows  the  composition  of  the  eggs  of  various 
fowls,  both  cooked  and  raw,  and  of  white-  and  brown-shelled  eggs,  etc. 
AVERAGE  COMPOSITION  OF  EGGS 


Refuse 

Water 

Pro- 
tein 

Fat 

Car- 
bohy- 
drates 

Ash 

Fuel  Value 

Calo- 
ries 
per 

pound 

Calo- 
ries 
per  100 
grams 

Hen: 
Whole  egg  as  purchased . 
Whole  egg,  edible  portion 
White 

Per  ct. 
11.2 

Per  ct. 
65.5 
73.7 
86.2 
49.5 

73.3 

65.6 

64.8 

60.8 
70.5 
87.0 
45.8 

57.7 
69.5 
86.3 
44.1 

63.5 
73.7 
86.3 
48.3 

60.5 

72.8 
86.6 
49.7 

Per  ct. 
11.9 
13.4 
12.3 
15.7 

13.2 

11.8 

11.9 

12.1 
13.3 
11.1 
16.8 

12.9 
13.8 
11.6 
17.3 

12.2 
13.4 
11.5 
17.4 

11.9 
13.5 
11.6 
16.7 

Per  ct. 

9.30 
10.50 

0.20 
33.30 

12.00 

10.80 

11.20 

12.50 

14.50 

0.03 

36.20 

12.30 

14.40 

0.02 

36.20 

9.70 
11.20 

0.03 
32.90 

9.90 
12.00 

0.03 
31.80 

Per  ct. 

Per  ct. 
0.9 
1.0 
0.6 
1.1 

0.8 

0.6 

0.7 

0.8 
1.0 
0.8 
1.2 

0.9 
1.0 
0.8 
1.3 

0.8 
0.9 
0.8 
1.2 

0.8 
0.9 
0.8 
1.2 

635 

720 

250 

1750 

765 

675 

695 

750 

860 

210 

1840 

760 

865 

215 

1850 

635 

720 

215 

1710 

640 

755 

215 

1655 

141 

160 

55 

Yolk 

378 

Whole  egg  boiled,  edible 
portion 

White-shelled     eggs     as 
purchased 

10.7 
10.9 

13.7 

170 
150 

Bro^vn-shelled    eggs    as 
purchased 

154 

Duck: 
Whole  egg  as  purchased . 
Whole  egg,  edible  portion 
White 

166 

191 

46 

Yolk 

408 

Goose: 

Whole  egg  as  purchased . 
Whole  egg,  edible  portion 
White 

14.2 

164 

142 

47 

Yolk                  

411 

Turkey: 
Whole  egg  as  purchased . 
Whole  egg,  edible  portion 
White 

13.8 

141 

160 
47 

Yolk  . 

380 

Guinea  Fowl: 
Whole  egg  as  purchased . 
Whole  egg,  edible  portion 
White 

16.9 

142 

167 

47 

Yolk 

367 

i52 
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White  of  Egg. — A  study  of  the  above  table  will  show  that  the  egg 
consists  mainly  of  protein  and  fat,  besides  water  and  some  mineral  mat- 
ter. The  white  of  the  egg  consists  of  a  solution  of  protein  shut  up  in  the 
interior  of  millions  of  cells.  When  the  whites  of  eggs  are  beaten  up,  the 
walls  of  these  cells  are  destroyed  and  the  protein  escapes.  The  digesti- 
bility of  the  egg  white  is  increased  thereby,  in  proportion  as  these  cell 
walls  are  destroyed,  since  they  offer  a  slight  hindrance  to  the  digestibility 
of  the  protein  which  they  envelop.  The  protein  of  egg  white  is  called  egg 
alhumiriy  but  it  would  be  an  error  to  consider  it  a  single  substance,  since 
it  is  a  mixture  of  different  proteins,  some  of  which  are  compounds  con- 
taining a  carbohydrate  group  in  their  molecules  (23).     This  has  some 
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Fig.  26.— What  the  Candle  Shows.— Upper— (a)  fresh  egg,  before  the  candle  and 
out  of  the  shell;  (b)  slightly  stale  egg,  showing  evidence  of  incubation,  before 
the  candle  and  out  of  the  shell;  (c)  stale  egg,  showing  a  settled,  flattened  yolk  and 
a  thin  white,  before  the  candle  and  out  of  the  shell;  (d)  egg  with  yolk  beginning 
to  adhere  to  shell,  before  the  candle  and  out  of  the  shell. 

Lower— (a)  Qgg  showing  blood  ring,  before  the  candle  and  out  of  the  shell;  (b)  cracked 
egg  invaded  by  mold,  before  the  candle  and  out  of  the  shell;  (c)  white  rot  or 
addled  egg,  before  the  candle  and  out  of  the  shell;  (d)  egg  with  a  green  white, 
before  the  candle  and  out  of  the  shell. 
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bearing  on  the  use  of  eggs  as  a  food  in  diabetics,  which  will  be  cnosidered 
in  the  dietotiierapy  of  this  malady.* 

Yolk  of  Ego. — The  yolk  of  the  egg  is  the  storehouse  of  nutriment 
for  the  young  chick  and  has  a  different  composition  from  the  white.  It 
contains  less  water  and  more  solid  matter  of  which  fat  predominates. 

General  Percentage  Composition  of  White  and  Yolk(24). — 
The  general  composition  of  the  white  and  yolk  is  graphically  contrasted 
in  the  following  table  ^  from  Konig: 

PERCENTAGE  COMPOSITION  OF  THE  WHITE  AND  YOLK  OF  AN  EGG 


Water 

Protein 

Fat 

Other 

Non  Nitrogenous 

Matter 

Mineral 
Matter 

White. 

85.7 
50.9 

12.6 
16.2 

0.25 
31.75 

o;i3 

0  59 

Yolk 

1.09 

It  will  be  readily  observed  that  the  yolk  of  the  egg  is  the  most  nour- 
ishing. 

In  discussing  the  composition  of  eggs,  Power  (Human  Physiology) 
gives  a  separate  analysis  for  each  part. 

The  white  consists  of  albumin,  13  per  cent;  globulin,  0.134;  salts, 
etc.,  0.766;  water,  86.  The  yolk  contains  vitellin  (protein),  14.0  per 
cent;  fat  and  lecithin,  30;  nuclein,  1.5;  cholesterin,  1.75;  salts  and  color- 
ing matter,  0.75 ;  water,  52.  The  average  egg  contains  about  0.045  per 
cent  of  phosphorus;  the  white  has  only  0.031 ;  the  yolk  1.279  per  cent  in 
vitellin,  lecithin,  nuclein,  phosphates  and  glycerophosphates. 

According  to  Konig  one  hundred  parts  of  the  ash  of  the  white  and 
yolk  of  egg  have  the  following  composition,  viz. : 
Composition  Yolk 

Potassium    9.29 

Sodium 5.87 

Lime   13.04 

Magnesium    2.13 

Oxid  of  Iron   1.65 

Phosphoric  Acid 65.46 

Sulphuric  Acid    

Fluorin 0.86 

Chlorin 1.95 


White 

31.41 

31.57 

2.78 

2.79 

0.57 

4.41 

2.12 

1.06 

28.82 


1  There  are  apparently  four  different  proteins  in  e^jj  white — Ovalbumin,  con- 
albumin,  ovomucin,  and  ovomucoid.  The  ov-albumin  makes  up  the  greater  part  of  the 
white.  Ovomucin  and  ovomucoid  are  glycoproteins  and  are  only  present  in  small 
amounts. 

2  For  more  recent  analyses,  which,  however,  do  not  differ  essentially  from  the  above, 
see  a  paper  by  Lebbin  on  the  Nutritive  Value  of  Eggs  in  the  Therap.  Monat«hefte, 
November,  1901. 
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The  yolk  of  the  egg  contains  phosphorus  in  an  organic  state ;  the  same 
is  true  of  iron.  It  also  has  an  abundance  of  calcium,  more  than  any  other 
food  except  milk..  The  great  richness  of  the  yolk  in  fat,  together  with 
phosphorus,  iron  and  lime  salts,  makes  it  a  peculiarly  valuable  food  for 
young  infants,  particularly  those  suffering  from  rickets  and  malnutrition, 
for  it  is  just  these  very  compounds  which  such  a  child  needs. 


ZS.7X  ^^^725^5*      azo^ 


vs'^^/^r 


^.2'X i^^T-^^  ^S^y 


33.7X  ^"^^    /-^X 
7X  ^^^  "^^^  ^^ 


L'C/r'^/^A^C//J^^S£' 


ty///r£'^/P£4D 


Fig.  27. — Chemical  Composition  of  Eggs  as  Compared  with  Milk,  Beefsteak, 
Cream   Cheese  and  White  Bread.      (Bull.  471,  U.  S.  Dept.  Agric.) 


Eggs  contain  no  free  purin  or  purin-yielding  substances  and  are  there- 
fore a  valuable  dietetic  adjunct  where  a  purin-free  diet  is  to  be  recom- 
mended in  gout. 

There  is  no  difference  in  the  composition  of  eggs  with  a  brown  and 
eggs  with  a  white  shell.  There  is  positively  no  ground  for  the  belief  that 
the  former (25)  are  richer  than  the  latter. 
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Comparative  Nutritive  Value  of  Eckjs  and  Mkat. — From  the 
analysis  table  by  Langworthy,  it  will  be  seen  at  a  glance  that  eggs  contain 
iilmost  the  same  total  of  nutritive  matter  as  meat,  but  at  the  same  time 
they  are  relatively  richer  in  fat  and  ])ooror  in  protein.  Eggs  are  admira- 
bly adapted  to  chemically  suppknnent  a  food  rich  in  carbohydrate,  of  a 
fair  protein  content,  but  poor  in  fat.  Such  a  food  is  found  in  rice  and 
many  of  the  cereals.  The  addition  of  eggs  to  these  in  the  form  of  pud- 
dings makes  a  well-balanced  complete  food. 

DIGESTIBILITY  OF  EGGS.— The  digestibility  of  eggs  in  the  stomach 
depends  largely  upon  the  manner  of  cooking  and  the  form  in  which  they 
are  ingested.  In  point  of  nutriment  and  digestibility,  eggs  rank  very 
high  indeed,  yet  it  does  not  follow  that  they  are  good  for  everybody;  on 
the  contrary,  some  persons  cannot  digest  them  and  they  cause  biliousness 
in  another  class.  The  digestibility  depends  largely  upon  the  cooking. 
Kaw  eggs  are  not  so  easily  digested  as  when  the  white  albumin  is  slightly 
coagulated.  Some  experiments  have  been  conducted  upon  a  healthy  man 
to  throw  light  upon  this  subject.  Penzoldt(2G)  ordered  two  eggs  cooked 
in  different  ways  and  portions  of  the  stomach  contents  were  withdrawn 
at  intervals  and  examined,  with  results  given  below  taken  from  Hutchi- 
son, "Foods." 

2  eggs  lightly  boiled  have  left  the  stomach  in 1%  hours 

"     raw  have  left  the  stomach  in 2^4      " 

"     poached — 5  grams  of  butter  have  left  the  stomach  in.  .  21/2      " 

"     hard  boiled  have  left  the  stomach  in 3  " 

"     as  an  omelette  have  left  the  stomach  in 3  " 

This  experiment  of  Penzoldt  carries  a  convincing  argument.  It  is 
surprising  to  find  that  slightly  boiled  eggs  are  more  quickly  disposed  of 
by  the  stomach  than  raw  eggs,  but  one  must  not  jump  at  the  conclusion 
that  lightly  boiled  eggs  are  better  suited  to  the  stomach  requiring  rest  than 
raw  eggs;  as  a  matter  of  fact,  it  is  a  question  whether  raw  eggs  are  di- 
gested at  all  in  the  stomach,  or  are  passed  on  to  and  through  the  duodenum 
to  a  large  extent  unchanged.  Busch  in  "Virchow's  Archives"  reported 
the  case  of  a  woman  who  as  the  result  of  disease  had  an  opening  in  the 
intestine  a  few  inches  from  where  the  small  intestine  joins  the  duodenum. 
He  found  that  when  a  raw  egg  was  given  by  the  mouth  more  than  half  of 
it  escaped  by  this  opening  unchanged. 

Cooking  of  Eggs. — Eggs  may  be  cooked  in  a  great  variety  of  ways, 
but  in  general  the  simplest  methods  of  cooking  are  the  best.  If  an  egg 
is  boiled  two  minutes  the  albumin  next  to  the  shell  will  l)e  coagidated 
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while  the  yolk  will  remain  fluid.  If  it  is  boiled  three  minutes  it  will  be 
termed  soft  boiled ;  if  boiled  ten  minutes  it  is  hard  boiled.  The  custom 
of  some  cooks  of  plunging  an  egg  into  boiling  water  and  allowing  it  to 
remain  for  three  minutes  is  not  to  be  recommended.  Eggs  are  much  more 
evenly  cooked  if  put  into  a  vessel  of  boiling  water  (three  eggs  to  a  quart), 
covered  and  allowed  to  stand  (not  over  a  source  of  heat)  for  five  minutes. 
The  eggs  will  then  be  found  soft  boiled.  A  fried  egg  is  hardest  of  all  to 
digest,  the  undigestibility  being  increased  by  the  frying  in  fat.  Eaw  eggs 
are  laxative.     Hard  boiled  eggs  are  constipating. 

A  poached  egg^  or  one  which  is  boiled  until  the  white  is  just  set,  is 
easiest  of  digestion.  The  digestibility  of  an  egg  diminishes  in  proportion 
to  the  hardness  to  which  it  is  cooked.  To  properly  poach  an  egg,  a  small 
quantity  of  vinegar  should  be  added  to  the  salt  water  in  which  they  are 
cooked,  in  order  to  assist  in  the  coagulation  of  the  albumin,  thereby  pre- 
venting loss. 

ENERGY  PROPERTIES  OF  EGGS— The  analysis  by  Langworthy,  quoted 
on  a  previous  page,  graphically  shows  the  chemical  elements  of  an  egg  and 
demonstrates  that  their  nutritive  value  is  due  almost  entirely  to  protein 
and  fat.  One  egg  contains  enough  of  these  to  yield  seventy  calories  of 
energy,  equal  in  fuel  value  to  half  a  tumbler  of  good  milk  or  one  and  one- 
half  ounces  of  fat  meat.  The  absence  of  carbohydrates  prevents  eggs  from 
being  a  complete  food,  therefore  the  combination  of  ham  and  eggs,  both 
lacking  in  sugar  and  starch,  is  not  a  well-balanced  ration;  but  French 
toast  or  egg  on  toast  are  much  nearer  to  a  satisfactory  food. 

PRESERVATION  OF  EGGS.— The  preservation  of  eggs  by  cold  storage 
will  be  found  under  ''Cold  Storage.''  See  Volume  II,  chapter  on  "The 
Preservation  of  Foods." 

EGG  PRODUCTS. — There  are  only  a  few  artificial  egg  preparations. 

Ova. — Ova  consists  of  eggs  dried  at  a  low  temperature  so  that  they 
are  capable  of  being  redissolved.  The  compound  consists  of  solids,  90.5 
per  cent,  and  ash,  4.1  per  cent.  It  is  put  up  in  packets,  each  representing 
one  egg. 

Desiccated  Eggs. — Desiccated  eggs  are  prepared  by  spreading  the 
eggs  over  the  surface  of  a  slowly  revolving  cylinder  heated  with  a  current 
of  warm  air.  The  semi-liquid  eggs  can  be  dried  in  vacuum.  From  the 
standpoint  of  wholesomeness  and  healthfulness  there  is  no  objection  to 
desiccated  eggs  if  made  from  fresh,  wholesome  eggs.  The  product  is  used 
largely  by  bakers  and  has  the  advantage  of  keeping,  under  conditions 
where  fresh  eggs  are  not  available. 

Egg    Substitutes. — Egg    substitutes    are    manufactured    from    the 
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casein  and  albumin  of  milk  mixed  with  flour  to  form  a  paste  or  powder. 
These  substitutes  are  used  chieHy  by  confectioners.  Some  of  the  egg  sub- 
stitutes are  made  from  conunercial  albumin,  which  is  obtained  from  the 
blood  of  slaughtered  animals.  When  collected,  the  albumin  is  precipi- 
tated, washed  and  refined.  It  is  a  fair  substitute  for  the  white  of  an  egg, 
but  as  it  contains  no  cellular  membranes,  such  as  occur  in  eggs,  it  does 
not,  when  beaten,  make  a  good  foam. 
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Fig.  28.— Chemical  Composition  of  Wholk  Egg,  Egg  White.  Egg  Yolk,  Desiccated 
Egg  AM)  Egg  Substitutk.     (Bull.  No.  471,  U.  S.  Dept.  Agric.) 
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Casein  is  also  used  by  confectioners  as  a  substitute  for  eggs.  It  is  pre- 
cipitated from  skim  milk,  by  acetic  acid;  dried,  washed  and  powdered. 
A  solution  of  casein  can  be  whipped  into  a  foam  like  the  white  of  an  egg, 
but  it  does  not  make  a  stiff  foam  and  consequently  has  little  aerating 
power. 

PiDAN — Chinese  Presekved  Eggs. — The  Chinese  and  other  Orien- 
tal people  preserve  eggs,  not  necessarily  to  keep  them  unchanged,  but  to 
make  various  new  substances — a  process  analogous  to  the  production  of 
cheese  from  milk.  The  products  have  been  little  studied  and  the  litera- 
ture on  the  subject  is  therefore  limited.  The  following  changes  have 
been  shown  to  take  place  during  the  formation  of  pidan  from  fresh  ducks' 
eggs:  (a)  water  in  large  quantities  has  been  transferred  from  the  white 
to  the  yolk,  and  water  has  been  lost  from  the  white  to  the  outside;  (h)  the 
ash  and  the  alkalinity  of  ash  have  increased  in  a  way  similar  to  that  of 
other  eggs  preserved  in  alkali;  (c)  the  ether  extract  has  decreased  and 
its  acidity  become  high ;  (d)  both  total  and  lecithin  phosphorus  have  de- 
creased; (e)  the  non-coagulable  nitrogen  has  increased  and  also  the  am- 
moniacal  nitrogen,  the  latter  to  an  extraordinary  degree,  and  the  amino- 
nitrogen  is  high.  From  these  changes  the  conclusion  is  drawn  that  de- 
composition of  the  egg  protein  and  of  the  phospholipoids  has  taken  place. 
The  production  of  pidan  from  the  fresh  eggs  is  probably  brought  about 
through  the  agency  of  the  alkali,  bacteria  and  enzymes. 

Recently  the  Department  of  Home  Economics  of  the  University  of 
Chicago  conducted  an  extensive  research  into  the  merits  of  this  method  of 
preserving  eggs.  According  to  extensive  examination  conducted  by  Blunt 
and  Wang (27),  ^^pidan  is  made  on  a  factory  scale  from  ducks'  eggs.  The 
latter  are  kept  in  an  infusion  of  black  tea,  lime,  salt  and  wood  ashes,  obvi- 
ously an  alkaline  solution,  for  nearly  half  a  year,  much  as  eggs  are  pre- 
served in  solutions  of  sodium  silicate  in  this  country.  They  are  then 
drained  and  coated  with  rice  hulls,  whereupon  they  are  ready  for  the 
market.  The  taste  of  the  pidan  is  characteristic  and  the  odor  markedly 
ammoniacal.  There  is  a  tendency  for  uninformed  persons  to  class  such 
products  unreservedly  with  what  are  commonly  termed  rotten  eggs.  This 
may  not  be  justifiable.  Pidan  has  no  odor  of  hydrogen  sulphid  and  we 
are  assured  does  not  closely  resemble  so-called  decomposed  eggs.  Note- 
worthy chemical  changes  do,  however,  attend  the  long  storage  process  in 
the  formation  of  pidan.  The  Chicago  investigators  state  that  water  in 
large  quantities  has  been  transferred  from  the  white  to  the  yolk  and  water 
has  been  lost  from  the  white  to  the  outside.  The  ash  and  the  alkalinity 
of  ash  have  increased  in  a  way  similar  to  that  of  other  eggs  preserved  in 
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alkali.     The  ether  extract  has  decreased  and  its  acidity  is  high.     Both 
total  and  lecithin  phosphorus  have  decreased." 
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And  God  said,  Behold,  I  have  given  you  every  herb  hearing  seed,  which  in  upon 
the  face  of  the  earth,  and  every  tree,  in  the  which  is  the  fruit  of  a  tree  yielding 
seed,  to  you  it  shall  be  for  meat. — Genesis  1,  29. 


General  Considerations:  Chemical  Characteristics  of  Vegetables;  Food 
Value  of  Vegetable  Foods ;  Nutritive  Substances  in  Vegetables :  Carbo- 
hydrates, Fats,  etc.;  Digestion  and  Absorption  of  Vegetable  Foods. 

Varieties  of  Vegetable  Foods:  Cereals:  Wheat  (Flour,  Bread),  Rice,  Corn, 
Oats,  Rye,  Barley,  Millet,  etc.;  Breakfast  Foods;  Roots  and  Tubers: 
Potatoes,  Beets,  Carrots,  etc.;  Green  Vegetables:  Cabbage,  Spinach, 
Lettuce,  Celery,  etc.;  Dried  Legumes  or  Pulses:  Beans,  Peas,  etc.; 
Fungi,  Lichens  and  Algee. 


GENERAL    CONSIDERATIONS 

We  come  now  to  the  study  of  that  large  and  varied  class  of  foodstuffs 
which  we  obtain  from  the  vegetable  kingdom.  In  the  beginning  it  will 
be  profitable  to  consider,  in  a  general  way,  the  chemical  composition, 
digestibility  and  nutritive  value  of  vegetable  foods  in  general,  comparing 
them  in  these  respects,  as  well  as  in  their  economic  aspects,  with  foods 
derived  from  the  animal  kingdom.  Then  we  shall  take  up  a  detailed 
study  of  the  different  groups  of  vegetable  foods,  as  well  as  the  proximate 
chemical  and  physiological  principles  composing  the  substance  of  vege- 
table tissues  which  are  isomeric  with  similar  principles  in  animal  tissue 
in  such  form  as  to  be  readily  assimilable  by  the  human  organism. 

Chemical  Characteristics  of  Vegetable  Foods. — Chemically  considered, 
vegetable  foods  are  strikingly  different  from  animal  foods.  Vegetable 
foods  have  a  large  percentage  of  carbohydrates  in  comparison  to  the  high 
protein  and  fat  content  of  animal  foods.  This  peculiarity  differen- 
tiates them,  for  animal  foods,  with  few  exceptions,  such  as  milk,  contain 
little  or  no  carbohydrate.  Eichness  in  sugar  and  starch  is  the  charac- 
teristic, then,  of  vegetable  foods;  abundance  of  protein  and  fat  that  of 
foods  derived  from  the  animal  kingdom. 
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CONSTITUENTS  OF  VEGETABLE  FOODS  VS.  THOSE  OF  HUMAN  BODY.— 
A  comparison  of  the  chemical  elements  in  vegetable  substances  and  those 
in  the  human  body  shows  them  to  be  quite  similar,  if  not  the  same.  All 
plants  upon  examination  will  be  found  to  contain  carbon  (a)  derived 
from  the  air  by  the  aid  of  chlorophyll;  hydrogen  (h)  absorbed  as  water, 
ammonia,  or  other  compounds;  oxygen  (c)  in  combination,  as  carbonic 
acid,  water  and  many  salts;  nitrogen  (d)  in  the  proteins  and  salts  ab- 
sorbed chiefly  in  the  form  of  nitrates  and  ammonia  compounds;  sul- 
phur (e),  a  constituent  of  the  proteins  and  other  tissues,  is  derived  from 
the  sulphates  in  the  soil;  phosphorus  (/),  mainly  in  the  proteins,  but  also 
in  seeds  and  other  vegetable  tissues,  is  obtained  from  the  phosphates  of 
the  soil;  iron  (g)  is  the  substance  which  gives  the  green  color  to  plants 
and  seeds.  It  is  derived  as  a  salt  from  the  soil,  and  is  absolutely  neces- 
sary for  the  formation  of  chlorophyll;  potassium  (h)  salts,  derived  from 
the  soil,  are  abundant  in  all  plants  which  are  rich  in  carbohydrates,  such 
as  sugar  and  starch,  also  in  the  green  parts  of  plants ;  sodium  (i)  is  found 
abundantly  in  all  plants;  calcium  (j)  and  magnesium  (k)  salts  are 
also  important  constituents  necessary  for  the  normal  growth  of  plant  life ; 
silicon  (I)  is  found  in  the  cell  walls  of  various  fibrous  tissues,  being 
taken  up  from  the  soil  in  the  form  of  silica;  iodin  (m)  and  hromin  (n) 
occur  in  marine  plants.  They  are  accidental  constituents  and  of  no 
physiological  value;  lithium  (o)  is  found  in  tobacco;  zinc  (p),  copper 
(q)  and  boron  (r)  in  other  plants  in  small  but  appreciable  quantities. 

INORGANIC  SUBSTANCES  IN  VEGETABLE  FOODS.— The  inorganic  sub- 
stances found  in  vegetable  life  consist  chiefly  of  chlorids,  sulphates  and 
carbonates  of  iron,  silicon,  magnesia,  lime,  soda  and  potash.  The  fol- 
lowing table,  quoted  from  Vine's  botany,  gives  an  example  of  the  inor- 
ganic constituents,  showing  the  percentage  amount  in  1,000  parts  of  dry, 
solid  matter  in  the  vegetable  foods  enumerated  therein : 

TABLE  SHOWING  PERCENTAGE  OF  INORGANIC  CONSTITUENTS  IN 

VEGETABLE  FOODS 


Wheat  grain. . 
Potato  Tubers 

Apples 

Peas  (seeds).  . 


1 

^ 

B 

c3 

1-1 

C3 

1:2 

CO 

1 

19.7 

6.14 

0.44 

0.66 

2.36 

0.26 

9.26 

0.07 

0.42 

37.7 

22.76 

0.99 

0.97 

1.77 

0.45 

6.53 

2.45 

0.80 

14.4 

5.14 

3.76 

0.59 

1.26 

0.20 

1.96 

0.88 

0.62 

27.3 

11.41 

0.26 

1.36 

2.17 

0.16 

9.95 

0.95 

0.24 

0.04 
1.17 

0.42' 
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ORGANIC  SUBSTANCES  IN  VEGETABLE  FOODS.— The  organic  constitu- 
ents of  plants,  as  in  animals,  are  composed  of  cells  which  have  a  cell  wall 
consisting  of  cellulose  CallxoOg,  a  carbohydrate  substance  surrounding 
the  cell  contents.  The  cell  contents  are  composed  of  living  and  non-living 
substances.  The  succulent  parts  of  plants,  as  tlie  leaves,  fruit,  seeds  and 
stems,  compose  the  living  tissues,  containing  a  quantity  of  living  proto- 
plasm ;  a  viscid  substance  of  a  tenacious  character  and  protein  nature. 
The  non-protoplasmic  or  non-living  contents  of  plant  cells  consist  of  sap, 
starch  grains,  protein  granules,  sugars,  fats,  oils,  salts  and  water,  which 
are  of  great  importance  as  elements  of  our  foods. 

FOOD  VALUE  OF  VEGETABLES  VS.  MEAT.— Vegetable  foods,  whib 
possessing  an  abundance  of  carbohydrates,  also  contain  a  certain  amount 
of  proteins  and  fats;  while  the  seeds  of  the  leguminous  plants  are  rich 
in  protein,  certain  of  the  edible  nuts  are  rich  in  fats.  Vegetable  foods 
as  a  whole,  more  than  the  animal  foods,  contain  representatives  of  all 
three  groups — protein,  fat  and  carbohydrates — of  nutritive  substances. 
In  consideration  of  this  fact,  the  vegetable  kingdom  must  be  looked  upon 
with  more  favor  as  a  source  of  human  food  supply  than  the  animal  king- 
dom, and  if  one  were  to  select  the  one  or  the  other  for  an  exclusive 
dietary,  it  would  be  the  part  of  wisdom  to  patronize  the  green  grocer  and 
the  miller  rather  than  the  butcher  and  fishmonger.  It  is  possible  to  sub- 
sist on  vegetables  alone,  whereas  it  would  be  a  hardship  to  live  for  any 
lengthy  period  of  time  on  an  exclusive  meat  diet.  The  better  plan,  how- 
ever, is  to  partake  of  a  well-balanced  diet  obtained  from  the  resources  of 
both  the  animal  and  vegetable  kingdoms. 

NUTRITIVE  SUBSTANCES  OF  VEGETABLE  FOODS.— In  studying  the 
nutritive  substances  of  vegetable  foods  we  will  first  take  up  the  carbo- 
hydrates, already  mentioned,  as  the  source  of  sugar  and  starch. 

Carbohydrates. — Sugar  is  the  circulating  carbohydrate,  starch  the 
stored-up  energy  of  plant  life.  When  a  plant,  from  good  seasons  or  fer- 
tile earth,  manufactures  more  carbohydrate  than  is  required,  it  stores 
the  surplus  in  the  shape  of  starch,  to  be  drawn  upon  in  case  of  necessity. 
If  not  used  by  the  plant  to  maintain  its  life,  some  of  this  surplus  is  con- 
verted into  sugar  by  help  of  the  ferment  diastase  and  again  circulates 
throughout  the  plant.  Sugar,  therefore,  is  the  soluble  form  of  carbo- 
hydrate; starch  is  the  carbohydrate  in  reserve,  like  the  glycogen  of  the 
liver  energy  in  storage. 

The  liver  is  referred  to  as  the  "storehouse"  of  the  human  economy, 
and  the  carbohydrate   in   reserve   in   plants   is   precisely   an   analogous 
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WHEAT 


BARLEY 


Kx^^ 


RYE 


OATS 
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CORN 


RICE 


STARCH  GRANULES,  MAGNIFfEO. 

Fig.  29.— Cereal  Starch  Granules.     (Bull.  No.  13,  U.  S.  Dept.  Agric,  Div.  Cheoj.) 
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process.  All  the  starch  in  the  foods  we  eat  must  first  be  converted  into 
sugar  or  dextrin  before  it  can  circulate  through  our  bodies  and  be  avail- 
able as  enefgy.  Starch  is  a  more  concentrated  form  of  carbohydrate 
than  sugar  and  packs  into  smaller  bulk.  The  granules  are  very  minute, 
and  can  only  be  viewed  with  a  microscope.  When  so  examined  they  will 
be  found  to  have  various  shapes,  round,  oval  or  polyhedral,  depending 
on  the  variety  of  plant  from  which  the  starch  is  derived.  These  minute 
starch  grains,  surrounded  by  a  protecting  envelope  of  cellulose,  are  not 
affected  by  cold  water,  otherwise  in  continued  rainy  weather  the  starch 
would  be  washed  away  and  the  plant  die  of  starvation.  Boiling  water, 
on  the  other  hand,  causes  the  starch  to  swell,  rupturing  the  cellulose  cov- 
erings, and  the  true  starch  escapes  between  the  layers  of  cellulose  and 
forms  with  the  water  a  colloid,  which  every  laundress  understands  and 
appreciates. 

During  the  process  of  cooking  vegetables  the  starch  granules  are  rup- 
tured, broken  up  and  brought  into  a  colloid  state  so  as  to  be  more  easily 
attacked  by  the  digestive  juices.  As  a  result,  they  are  more  readily  con- 
verted into  sugar  than  w^ien  ingested  in  their  raw  and  unruptured  state. 
When  starch  is  subjected  to  dry  heat,  say  at  about  300°  F.,  it  is  con- 
verted into  soluble  starch  and  dextrin.  The  caramel-like  crust  of  a  loaf 
of  bread,  for  example,  is  carbohydrate  converted  into  soluble  starch  and 
dextrin. 

We  learned  when  studying  meat  that  the  nutritive  ingredients  (pro- 
teins) were  contained  in  minute  tubes  held  together  by  fine  connective 
tissue  bands,  which  on  boiling  yield  gelatin.  In  the  study  of  vegetable 
foods  we  also  find  that  the  chief  nutrient  ingredient  (starch)  is  held  in 
a  vast  number  of  minute  compartments  or  cells,  surrounded  by  a  pro- 
tecting covering  of  cellulose,  which  is  especially  characterized  by  its 
extraordinary  insolubility.  It  is  not  affected  by  either  hot  or  cold  water 
and  only  gives  way  w^hen  boiled  in  a  dilute  acid.  Owing  to  the  peculiar 
insolubility  of  cellulose  it  is  readily  seen  that  this  cell  wall  must  present 
a  formidable  barrier  to  the  free  penetration  of  the  nutritive  ingredients 
by  the  digestive  juices,  which  is  of  momentous  importance  to  the  nonnal 
process  of  digestion. 

Besides  starch  and  cellulose  there  is  another  and  interesting  group  of 
carbohydrates  met  with  in  vegetable  foods,  referred  to  by  some  writers 
as  pectin,  hy  others  under  the  general  term  pectose  bodies.  Their  con- 
stitution and  composition  cannot  very  readily  be  ascertained  because  they 
cannot  be  separated  from  the  associated  cellulose  without  disorganizing 
them  or  changing  their  substance.     Pectose  bodies  are  found  in  most 
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fruits  and  sparingly  in  some  vegetables.  These  bodies  impart  to  fruits 
the  power  of  forming  jelly  when  boiled,  the  pectose  being  converted  into 
pectin,  which  is  the  chief  substance  in  fruit  and  vegetable  jellies.  They 
appear  to  be  converted  into  a  special  kind  of  sugar  (pentose),  which  is 
not  easily  assimilated  by  the  human  organism.^ 

The  most  important  group  of  carbohydrates  met  with  in  vegetable 
foods  are  the  sugars,  which  we  have  casually  referred  to  already;  but 
since  they  merit  a  more  detailed  consideration,  they  were  taken  up  at 
length  in  Chapter  III  and  are  mentioned  in  Chapter  11. 

Proteins. — The  nitrogenous  substances  contained  in  vegetable  foods, 
like  those  found  in  meats,  are  proteins,  therefore  vegetable  foods  may  be 
divided  into  those  which  contain  protein  and  those  which  do  not.  The 
vegetable  proteins  belong  almost  entirely  to  the  globulin  class.  It  should 
be  remembered  that  vegetable  foods  are  poorer  in  nucleoproteins  than 
animal  foods.  Vegetable  proteins  are  poorer  in  carbon  and  richer  in  fat 
than  animal  proteins ;  both  varieties  are  readily  coagulable  by  heat,  which 
renders  them  less  digestible. 

The  digestibility  of  animal  foods  is  lessened  by  cooking,  because  they 
are  composed  largely  of  protein.  On  the  other  hand,  cooking  increases 
the  digestibility  of  vegetable  foods,  since  the  latter  contain,  as  a  rule, 
very  little  protein,  with  an  abundance  of  starch,  which  cooking  prepares 
for  ease  in  digestion. 

Inferior  Substances. — Vegetable  foods,  like  animal  foods,  contain 
a  number  of  nitrogenous  substances  inferior  to  proteins.  They  are  in  no 
sense  comparable  to  the  albuminoids,  found  so  abundantly  in  the  animal 
kingdom.  On  the  other  hand,  extractives  are  well  represented,  belonging 
to  a  group  of  chemical  substances  called  amids. 

Fats. — Fats  found  in  vegetables  are  of  a  negligible  quantity,  other 
than  that  in  chemical  composition  they  are  similar  to  animal  fats.  As  a 
rule,  they  are  of  a  more  oily  consistency  (olein),  and  have  less  of  the 
more  solid  components  (stearin  and  palmitin)  than  the  animal  fat.     This 


1  Some  of  these  bodies  appear  to  be  of  the  nature  of  dextrins,  while  others,  perhaps, 
stand  nearer  to  starch.  It  might  be  well  to  restrict  the  term  "pectins"  to  the  former 
group;  they  probably  bear  the  same  relation  to  the  pentoses,  or  sugars  with  five 
carbon  atoms,  that  dextrin  does  to  the  six-carbon-atom  sugar,  dextrose.  The  other 
group  may  be  spoken  of  as  pentosans.  The  sugars  to  which  they  give  rise  are  also 
found  in  many  ripe  fruits  and  are  certainly  not  easily  assimilated  by  the  cells  of  the 
body.  They  are  apt  to  appear  in  the  urine  if  the  fruits  containing  them  are  eaten  in 
excess.     (Hutchison.) 
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difference  increases  rather  than  diminishes  their  digestihility,  while  their 
nutritive  or  fuel  value  is  on  a  parity  with  the  more  solid  animal  fats. 

Watkr  and  ^IiNKKAL  Salt8. — Wc  havc  miw  conHidcTcd  all  the  con- 
stituents of  vegetable  foods  except  water  and  certain  mineral  salts.  Water 
is  present  in  large  quantity ;  in  some  vegetables  the  percentage  is  as  high 
as  78  to  00  per  cent.  This  superabundance  of  water  is  one  of  the  essen- 
tial properties  of  certain  vegetables  and  is  largely  responsible  for  the  low 
nutritive  value  of  nuuiy  of  them  when  compared  with  their  bulk.  Such 
vegetables  when  cooked  become  even  more  watery,  and  so  their  last  state 
is  worse  than  the  first.  On  the  contrary,  just  the  opposite  is  the  case 
with  animal  foods. 

The  mineral  constituents  of  vegetable  foods  are  numerous  and  impor- 
tant as  we  found  when  studying  the  Mineral  Salts  in  the  Body  and  in 
Foodfi  in  (^hapter  XT,  and  to  which  further  reference  will  be  made  when 
the  different  groups  of  vegetables  are  separately  considered.  The  mineral 
ingredients  of  vegetable  foods  unite  with  the  organic  acids  to  form  bases. 
These  when  burnt  up,  either  outside  or  inside  the' body,  yield  alkaline 
salts,  which  are  turned  to  therapeutic  account  in  those  who  are  suffering 
from  calcareous  deposits. 

Digestion  and  Absorption  of  Vegetable  Foods The  digestion  and  ab- 
sorption of  vegetable  foods  have  already  been  considered  at  length  in  Chap- 
ters V,  VI  and  VII.  As  a  class,  vegetable  foods  like  peas,  beans  and  beets, 
are  not  to  any  appreciable  extent  acted  upon  by  the  gastric  juice,  because 
starch,  their  chief  ingredient,  is  entirely  unaffected  in  an  acid  medium. 
We  learned  in  Chapters  VI  and  VII  that  the  digestion  of  starch  began 
in  the  mouth  by  the  action  of  the  ptyalin  of  the  saliva  and  was  continued 
in  the  duodenum,  where  the  reaction  was  again  alkaline  from  the  admix- 
ture of  the  bile  and  pancreatic  secretions.  Only  vegetables  which  are 
particularly  rich  in  protein,  such  as  the  pulses,  are  chemically  acted  upon 
in  the  stomach.  The  reduction  of  the  bulky  vegetable  masses  into  a  fine 
state  of  subdivision  entails  a  large  amount  of  mechanical  effort  on  the 
part  of  the  stomach  in  passing  the  food  through  the  pylorus  into  the 
small  intestine.  As  a  consequence,  since  animal  foods  require  more 
chemical  action  on  the  part  of  the  gastric  juice  and  less  mechanical  work 
on  the  part  of  the  stomach,  the  former  instead  of  the  latter  are  suggested 
for  persons  of  enfeebled  digestive  power. 

Many  writers  hold  that  vegetable  foods  are  not  as  readily  digested 
and  absorbed  in  the  intestine  as  animal  foods ;  the  table  on  the  next  page 
is  taken  from  Voit,  and  will  show  the  percentages  of  absorption  in  the 
foods  enumerated: 
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RELATIVE  ABSORPTION  OF  SOME  ANIMAL  AND  VEGETABLE  FOODS 

Dry  Substance  Dry  Substance 

Food  not  Absorbed  Food  not  Absorbed 

White  Bread 4  per  cent  Milk    9  per  cent 

Macaroni   4        "  Peas    9         " 

Rice.... 4        "  Potatoes 11         " 

Meat    ^       "  Black  Bread  15         " 

Eggs   ^       "  Cabbage   15         " 

Maize   7        "  Turnips    20         " 

FACTORS  CONCERNED  IN  DIGESTIBILITY  AND  ABSORPTION.— Digesti- 
bility and  absorption  of  vegetable  foods  in  the  intestine  are  governed 
by  two  factors :  first,  the  bulk,  and  second,  the  amount  of  cellulose  which 
they  contain.  If  the  former  be  small  and  the  latter  scanty,  digestion  is 
very  complete,  as  will  be  observed  from  a  glance  at  the  above  table,  where 
bread,  macaroni  and  rice  were  almost  completely  digested  and  absorbed. 

Digestion  and  Absorption  of  Bulky  Vegetable  Foojis. — The 
contrary  is  the  case  where  the  food  is  bulky  and  full  of  cellulose.  The  ma- 
jority of  vegetable  foods  correspond  more  or  less  to  this  description,  hence 
the  dictum  ^S^egetable  foods  are  not  so  completely  digested  as  animal 
foods."  When  we  stop  to  consider  that  four-fifths  of  the  weight  of  green 
vegetables  and  fruits  is  due  to  water,  and  that  even  the  drier  vegetables, 
such  as  legumes^  take  up  three  times  their  weight  of  water  in  the  process 
of  cooking,  it  will  be  readily  seen  that  vegetable  foods  must  be  bulky  out 
of  proportion  to  their  nutritive  value.  This  bulkiness  of  vegetable  foods 
retards  digestion  (a)  by  hindering  the  free  admixture  of  the  digestive 
juices  with  the  food  mass,  thereby  lessening  the  conversion  of  the  nutrient 
constituents  for  ease  of  absorption;  (h)  the  bulky  mass  in  the  intestine 
stimulates  contractions,  which  hasten  the  contents  along,  allowing  less 
time  for  absorption. 

Cellulose  as  a  Factor  in  Digestion  and  Absorption  of  Vege- 
table Foods. — Another  obstacle  to  digestion  and  absorption  of  vegetable 
foods  in  the  alimentary  canal  is  the  presence  of  cellulose  and  the  for- 
midable barrier  which  it  presents  to  digestion.  (Reference  has  already 
been  made  to  cellulose  and  its  extraordinary  insolubility  pointed  out.) 
Indeed,  it  is  only  when  the  plant  is  very  young  and  tender  that  it  is  at 
all  possible  for  cellulose  to  be  successfully  attacked  by  the  digestive  appa- 
ratus of  man  or  other  carnivorous  animals. 

While  the  insolubility  of  cellulose  presents  barriers  to  the  digestive 
process,  it  serves  a  valuable  purpose  to  the  human  economy  by  adding 
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to  the  biilkiness  of  the  unwicldv  mass  which  vegetable  foods  form 
in  the  intestine  and  thereby  stiniuhitcs  the  movements  of  the  bowel.  For 
this  reason  foods  rich  in  celhiloso,  siicii  as  whole  wheat  bread,  fniits  and 
^reen  vegetables,  are  prescribed  as  iiscfnl  adjuvants  in  the  dietetic  treat- 
ment of  those  who  suffer  from  slu^^j^ish  actions  of  the  bowels. 

A  moderate  amount  of  celluloses  in  the  dietary  of  healthy  persons  is 
advisable  for  its  stimulating  action  on  the  alimentary  canal.  Strictly 
carnivorous  animals  have  little  use  for  it,  while  in  the  herbivora,  owing 
to  their  long  and  sluggish  intestine,  its  presence  is  a  necessity. 

Effect  of  Incomplktenkss  of  Ahsokption  ox  Nitkitivb:  Value. 
— The  incompleteness  of  absorption,  characteristic  of  most  vegetable 
foods,  affects  in  different  measures  their  varied  nutritive  elements.  The 
vegetable  fats,  such  as  cocoa  buttcM-  and  olive  oil,  seem  to  be  as  readily 
absorbed  as  butter  and  cod  liver  oil.  Starch  and  sugar  are  readily  di- 
gested and  carried  into  the  circulation  almost  to  the  last  atom.  It  is  only 
when  enormous  quantities  of  green  vegetables  or  other  carlx)hydrates  of 
the  leguminous  variety  are  ingested  that  undigested  starch  is  found  in 
the  excreta  of  healthy  persons.  It  is  a  well-known  physiological  fact  that 
a  larger  amount  of  nitrogen  is  excreted  by  the  bowel  on  a  vegetable  diet 
than  when  animal  foods  are  ingested.  Just  why  vegetable  protein  should 
be  less  completely  absorbed  than  the  other  nutritive  constituents  of  vege- 
table foods  is  hard  to  explain.  The  following  table  from  Hutchison 
gives  a  resume  of  a  series  of  experiments  carried  out  on  healthy  indi- 
viduals, showing  the  percentage  of  protein  which  escaped  in  the  excreta, 
the  loss  of  protein  from  meat  being  remarkably  less  than  the  protein 
^vaste  from  vegetable  foods: 

RELATIVE  ABSORPTION  OF  PROTEIN  IN  VARIOUS  FOODS 

Protein  not 
Diet  Absorbed 

Meat   2.3  per  cent 

Lentil  Flour  (218  grams  daily)   10.5  " 

Dried  Peas  (600  grams  daily)   17.0  " 

Beans  (500  grams)  1  ,, 

Flour  (17  grams)   j      '^ 

Potatoes  (3,000  grams)    32.0  " 

Carrots  and  Fat  (412  grams  dried) 39.0  " 

Lentils  (250  grams,  simply  soaked  and  boiled  till  soft) 40.0  " 

It  is  difficult  to  account  for  the  large  amount  of  vegetable  protein 
which  escapes  in  the  excreta.  Doubtless,  the  effects  of  cooking  are  less 
favorable  to  the  digestion  and  absorption  of  vegetable  protein  than  to  that 
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of  starch.  The  effects  of  heat  and  moisture  cause  the  starch  grains  to 
swell,  rupture  and  burst  through  the  cell  walls  composed  of  cellulose 
which  enclose  them,  but  this  same  heat  and  moisture  cause  the  protein 
in  the  vegetable  cells  to  coagulate  and  shrink  away  from  its  wall  of  cellu- 
lose and  in  this  way,  possibly,  remain  unruptured. 

Some  authorities  hold  that  the  large  amount  of  nitrogen  found  in  the 
intestinal  excreta  on  a  vegetable  diet  does  not  come  from  unabsorbed  pro- 
tein, but  rather  from  the  residue  of  the  digestive  juices.  Eeasoning  on 
this  analogy,  it  will  be  seen  that  vegetable  foods  must  require  a  more  thor- 
ough admixture  and  a  larger  amount  of  digestive  juices  for  their  break- 
ing down  than  is  required  by  animal  foods.  This  explanation,  plausible 
at  least  in  part,  does  not  satisfactorily  explain  why  more  nitrogen  is  lost 
from  the  bowel  on  a  vegetable  than  on  an  animal  diet. 

The  Nutritive  Value  of  Vegetable  Foods. — After  considering  the  chem- 
ical constituents  of  vegetable  foods — the  proteins,  carbohydrates  and  fats 
— severally  and  collectively,  we  may  safely  assert  that  they  are  equal  in 
fuel  value  to  the  corresponding  food  elements  obtained  from  the  animal 
kingdom.  We  have  already  learned  that  vegetable  protein  contains  a 
smaller  amount  of  carbon  than  animal  protein  and,  according  to  some 
investi'gators,  the  former  is  therefore  of  less  nutritive  value  than  the  lat- 
ter. The  high  energy  value  of  starch  and  sugar  is  without  question.  They 
are  fuel  foods,  and  have  no  nutritive  value  as  tissue  formers.  Vegetable 
fats,  such  as  olive  oil  and  cocoa  butter,  which  form  a  large  part  of  the 
diet  of  the  inhabitants  of  some  of  the  southern  European  countries,  are 
also  fuel  foods.  Fats  to  some  extent  are  tissue  formers  of  high  nutritive 
value. 

PROTEIN  VALUE:  THE  VEGETARIAN  QUESTION.— After  all  is  said  and 
done,  there  remains  the  fact  that  the  vegetarian  question  is  a  question  of 
protein  alone.  Protein  may  be  obtained  from  either  the  animal  or  vege- 
table kingdom.  Shall  we  eat  our  protein  in  an  animal  or  vegetable  form, 
taking  it  for  granted  that  the  vegetable  foods  are  relatively  poorer  in 
this  element  than  the  animal  foods  ?  Typical  examples  of  both  kingdoms 
will  show  beyond  question  that  even  the  fattest  meats  contain  more  pro- 
tein than  the  most  nitrogenous  forms  of  vegetable  foods. 

It  is  therefore  beyond  question  that  vegetable  foods,  unless  eaten  in 
very  large  quantities,  will  not  yield  a  sufficiency  of  protein  for  the  wear 
and  tear  of  the  human  body.  This  brings  us  to  the  question:  how  much 
protein  does  a  healthy  man  require  in  his  food  daily  ? 

This  most  important  and  momentous  question  will  he  elaborated  on  in 
Volume  II,  in  the  chapter  on  ^^ Protein  and  Nutrition.^^ 
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RELATIVE  COST  OF  ANIMAL  AND  VEGETABLE  FOODS.— The  relative 
cost  of  animal  and  vegetable  foods  is  an  economic  question  in  which  the 
vegetarian  has  the  best  of  the  argument.  Although  succulent  vegetables 
are  expensive,  there  is  no  doubt  that  cereals  are  cheap.  Then,  too,  while 
the  nutritive  substances  in  vegetables  are  not  quite  so  abundant  as  in  ani- 
mal foods,  yet  vegetables  play  an  important  part  in  the  nourishment  of 
the  body,  due  in  part  to  their  attractive  Havor,  their  freshness  and  the 
variety  they  add  to  the  dietary.  Personal  experiment  at  the  market  will 
show  that  one  dolhir  expended  for  bread,  peas  or  potatoes  yields  a  far 
larger  amount  of  fuel  for  the  body  than  a  dollar  invested  in  eggs,  fish, 
beef,  or  oven  in  cheese  and  milk,  which  are  coniparatively  cheap  animal 
foods. 

VARIETIES  OF  VEGETABLE  FOODS 

For  convenience  of  description,  we  will  consider  vegetable  foods  in 
the  following  order: 

Cereals : 

Wheat  (Flour,  Bread),  etc. 
Breakfast  Foods. 
Roots  and  Tubers. 
Green  Vegetables. 
Dried  Legumes  or  Pulses. 
Fungi,  Lichens  and  Algge. 

CEREALS 

Cereals. — Cereals  belong  to  a  type  of  grasses  of  the  natural  order 
Graminacia?.  They  are  cultivated  at  the  present  time  in  all  parts  of 
the  world,  but  it  is  questionable  whether  the  cereals  so  much  esteemed 
at  the  present  day  have  been  evolved  by  natural  selection  and  cultiva- 
tion from  wild  grasses  now  known,  or  whether  they  are  distinct  species, 
having  their  origin  in  grasses  which  no  longer  exist  The  term  cereal 
dates  back  to  mythological  times.  The  goddess  Ceres  is  supposed  to 
have  been  the  first  to  cultivate  these  wild  grasses  and  gather  their  seed 
for  food.  We  gather  from  the  Holy  Writ  the  fact  that  cereal  had  been 
(ised  as  a  foodstuff  many  centuries  before  Joseph,  under  Pharaoh, 
secured  his  famous  "corner  on  wheat"  and  for  seven  years  monopolized 
the  grain  market  of  the  world.  In  fact,  we  may  safely  say  that  man\s 
use  of  cereals  as  a  foodstuff  antedates  history  and  that  its  origin  is  lost 
in  the  mists  of  antiquity. 
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Among  the  (grass)  cereals,  wheat,  rice,  com,  oats,  rye,  harley  and 
millet  are  the  most  important,  and  are  named  in  the  order  of  their  im- 
portance. Other  cereals,  although  not  grasses,  may  be  mentioned  here  as 
buckwheat  and  quinoa.  As  a  rule,  these  grains  are  ground  into  meal  or 
flour.  However,  rice  and  barley  are  usually  offered  in  the  markets  with 
the  hulls  removed,  though  rice  flour  and  barley  meal  are  also  used  to  a 
limited  extent. 

COMPOSITION  OF  FLOUR  AND  CEREALS.— The  following  analysis,  taken 
from  Lawes  and  Gilbert  and  quoted  by  Tibbles(l),  shows  the  relative 
percentage  composition  of  flours  made  from  the  principal  cereals: 

COMPOSITION  OF  FLOUR  AND  OF  CEREALS 


Old  Wheat 

Barley 

Oats 

Rye 

Corn 

Rice 

Water 

10.00 
70.00 
1.75 
2.40 
1.85 
12.25 
1.75 
0.0 

12.0 
52.7 

2.6 
11.5 

4.2 
13.2 

2.8 

1.0 

10.06 
52.23 

4.33 
12.05 

5.7 
12.5 

3.46 

0.2 

10.50 
70.10 
1.50 
2.10 
1.60 
12.25 
1.90 
0.5 

11.5 

67.30 

5.25 

1.75 

3.00 

10.00 

.5 

0.7 

12.40 

Starch 

76.00 

Fat 

0.40 

Cellulose. . . 

0.40 

Gum  and  Sugar — 
Protein 

1.40 
6.90 

Ash 

.50 

Loss,  etc 

.4 

WHEAT. — Wheat  is  by  all  odds  the  most  important  cereal  used  in 
American  and  European  countries,  where  it  occupies  the  same  position 
as  a  dietetic  article  that  rice  fulfills  among  Oriental  peoples.  It  grows 
readily,  producing  beautiful  crops  thrpughout  the  temperate  zone,  where 
the  active  peoples  of  the  earth  reside.  Its  origin  as  a  foodstuff  is  un- 
known, but  profane  history  tells  us  of  its  cultivation  by  the  ancient 
Egyptians  and  Chinese.  It  was  grown  in  Mesopotamia  2,000  years  B.  C. 
The  present  varieties  of  wheat  are,  no  doubt,  the  result  of  careful  selec- 
tion extending  for  centuries  back.  Possibly,  the  modern  wheat  may  be 
derived  from  a  wild  plant,  some  varieties  of  which,  improved  by  cultiva- 
tion, are  still  found.  Wheat  as  we  know  it  today  was  introduced  into 
Britain  by  the  Romans.  The  wheat  crop  of  the  United  States  in  1915 
was  1,011,280,000  bushels. 

Elements  of  the  Component  Parts  of  Wheat  Grains. — The 
grain  of  wheat  consists  of  various  parts  arranged  in  concentric  layers. 
Since  these  are  important  from  a  dietetic  point  of  view,  we  shall  briefly 
consider  the  elements  forming  the  component  parts  of  the  grain.  The 
wheat  berry  has  an  external  covering  or  skin,  an  internal  substance  or 
kernel  and  a  germ.     The  external  covering,  skin  or  hull,  consists  of  five 
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layers,  (a)  e  pi  carp,  (6)  mesocarp,  (c)  endocarp,  (d)  testa,  and  (e) 
cerealin  envelope.  The  first  three  of  these  layers  form  the  bran,  to  which 
are  added  the  hyalin  and  cerealin  coats.  The  testa  is  the  true  envelope 
coverin<2;  the  grain.  It  consists  of  long,  narrow  cells,  containing  the  col- 
oring matter  which  distinguishes  red  wheat  from  white  wheat.  The 
cerealin  layer  or  envelope  consists  of  a  single  layer  of  polygonal  cells  im- 
mediately beneath  the  testa.  It  contains  aleuron  grains  enclosing  cells 
containing  vi famines.  The  vitamines  are  complex  crystalline  substances 
belonging  to  a  chemical  group  hitherto  unknown. 


omoim 


A 

Fig.  30. — Diagrammatic  Section  of  a  Grain  of  Wheat.  A. —  (a)  skin  and  testa, 
(b)  mehibrane,  (c)  embryo,  (d)  flour  cells,  (e)  cereal  or  aleurone  layer,  (f) 
scutellum. 

B. — Cellular  structure  of  the  grain;  (a)  skin  and  testa,  (b)  membrane,  (d)  endo- 
sperm, (e)   starch  cells.     (Bull.  No.  295,  U.  S.  Dept.  Agric.) 

The  average  composition  of  whole  wheat,  according  to  Wiley,  is  as 
follows : 

Weight  of  100  kernels 3.85  grams 

Moisture    10.60  per  cent 

Protein 12.25 

Ether  extract  1.75        " 

Crude  fibers   2.40 

Ash 1.75        " 

Carbohydrates  other  than  crude  fiber 71.25         " 

Dry   Glutin    10.25 

Moist  Glutin    • 26.50        " 
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Importance  of  Vitamines. — Vitamines  are  essential  for  growth  de- 
velopment and  life.  They  are  of  vital  importance  to  the  thyroid 
and  other  ductless  glands.  Vitamines  occur  in  plants,  and  more  especially 
in  their  seeds,  in  whole  wheat,  whole  corn,  unpolished  rice,  fresh  toma- 
toes, fresh  legumes,  most  fresh  fruits  and  their  juices.  Yeast  is  also 
rich  in  vitamines.  Human  milk,  cow's  milk,  butter,  cheese,  eggs  and 
beef  contain  vitamines.  So  far  as  is  known  at  present,  animals  are  in- 
capable of  producing  vitamines,  but  they  obtain  them  by  feeding  on  plants 
containing  them. 

The  cerealin  layer  is  really  the  outer  portion  of  the  endosperm  or 
kernel,  which  contains  the  starch.  Its  cells  are  rich  in  fat,  containing 
amorphous  protein  granules,  which  are  believed  to  exert  an  influence  upon 
the  process  of  leavening,  more  or  less  deleterious  to  the  quality  of  the 
bread.  The  fat  in  this  layer  also  tends  to  become  rancid  and  gives  a  bad 
flavor  to  flour,  especially  when  it  has  been  ground  for  a  long  while.  These 
facts  are  considered  a  sufiicient  reason  for  the  removal  of  the  cerealin 
layer  with  bran. 

According  to  some  investigators,  the  amount  of  bran  varies  from  13  to 
38  per  cent  of  the  entire  grain,  according  to  the  quality.  In  blasted  grain 
it  is  very  high,  but  in  grain  of  an  average  quality  the  bran  percentage 
usually  runs  about  13^/^  per  cent  of  the  total  weight. 

The  internal  substance  of  the  wheat  berry  referred  to  as  the  hemel 
contains  the  endosperm,  and  forms  about  85  per  cent  of  the  total  sub- 
stance of  the  w^heat  berry.  It  is  this  portion  which  is  ground  into  flour. 
It  contains  a  large  number  of  compartments  filled  with  starch  grains, 
soluble  and  insoluble  protein,  a  nitrogenous  substance  called  gluten,  some 
sugars  and  salts.  The  walls  of  these  compartments  are  made  up  of  cel- 
lulose. 

The  germ,  or  emhryo,  represents  about  1^/2  per  cent  of  the  whole 
grain.  The  germ  is  composed  of  cells  which  are  rich  in  enzymes  that 
aid  in  the  transformation  of  the  insoluble  starch  and  protein  and  change 
'•.he  endosperm  into  sugars,  dextrins  and  amids.  The  nitrogenous  matters 
or  proteins  of  the  wheat  berry  vary  from  10  to  14  per  cent.  The  germ 
of  the  wheat  berry  is  particularly  rich  in  nitrogen. 

Gluten. — The  term  gluten  is  an  expression  used  to  designate  the 
proteins,  glutenin  and  gliadin,  of  wheat.  It  is  obtained  by  kneading  flour 
into  a  paste  with  water  and  afterward  washing  away  the  starch  with  a 
running  stream.  The  remnant  remaining  is  gluten.  It  is  a  yellowish- 
gray  or  grayish-brown  substance,  very  elastic  and  adhesive,  insoluble  in 
water  and  in  saliva,  and  tasteless. 
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Gluten  does  not  exist  as  such  in  wheat  or  flour  but  is  formed  when  the 
flour  is  mixed  with  water  out  of  two  proteins,  gliadin  and  glutenin, 
which  to'jjcthcr  comprise  all  the  protein  of  the  wheat  berry  except  1.5 
per  cent  (as  worked  out  by  Osborne  in  the  table  below  from  Tibbies)  : 

Composition  op  Gluten  in  tub  Kkrnel  op  Wheat 

,    ,    T      ,  , ,  X  .  I  Gliadin    4.25  per  cent 

(a)  Insoluble  proteins |  q,^j^,_,._^   4  3^        ., 

I  Albumin 50        " 

(5)   Soluble  proteins «j  Globulin 70        " 

[  Proteose 30        " 

"lOOO 
Gliadin,  an  albuminoid  substance,  is  soluble  in  dilute  acids,  alkalies, 
70  per  cent  alcohol,  and  slightly  soluble  in  a  solution  of  sodium  chlorid. 
It  gives  to  gluten  its  property  of  tenacious  elasticity.  Glutenin  is  not 
dissolved  in  either  alcohol  or  saline  solution,  but  yields  to  dilute  acids  and 
alkalies.  It  is  not  a  single  or  simple  substance,  but,  according  to  Mann, 
a  combination  of  gluten  fibrin  and  gluten  casein. 

Composition  of  Wheat  Grain. — The  following  tables,  given  by  Pro- 
fessor Church,  graphically  portray  the  proportion  and  composition  of 
the  bran,  endosperm  and  germ  of  wheat  grains : 

A— COMPOSITION  OF  THE  PARTS  OF  WHEAT  GRAIN,  PERCENTAGES 


Proportion 
of  Grain 

Water 

Nitrog- 
enous 

Fat 

Starch  and 
Sugar 

Cellu- 
lose 

Mineral 
Matter 

Bran 

Endosperm . . 
Germ 

13.5 

85.0 

1.5 

12.5 
13.0 
12.5 

16.4 
10.5 
35.7 

3.5 

.8 
13.1 

43.6 
74.3 
31.2 

18.0 

.7 

1.2 

6.0 

.7 

5.7 

B— COMPOSITION  OF  ENTIRE 

WHEAT  GRAIN,  PERCENTAGES 

Pro- 
por- 
tion of 
Whole 
Berry 

Mois- 
ture 

Ni- 
trog- 
enous 
Mat- 
ter 

Carbohydrate 

Fat 

Lig- 

nin 

or 

Fiber 

Min- 
eral 

Mat- 
ter 

Sugar 

Starch 

Cellu- 
lose 

Cuticle    (epidermis 
endocarp  and  epi- 

4.2 
1.1 
8.2 
1.5 
85.0 

.475 

.131 

1.115 

.173 

11.050 

.362 
.178 

2.048 
.538 

8.925 

3.309 

.080 

.723 

.060 

Aleurone  Layer. . .  . 
Germ      

3.997 
.144 
.590 

.748 
.187 
.680 

452 

.332 

1.506 

61.635 

.070 

Endosperm 

.590 

Total 

100.0 

12.944 

12.051 

1.838 

62.358 

4.731 

1.615 

1.615 

1.252 
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The  percentages  of  the  composition  of  the  entire  wheat  grain  are  given 
in  Table  B,  from  Tibbies,  showing  more  fully  the  proportion  of  con- 
stituents which  is  contributed  by  each  part  in  the  formation  of  the  entire 
grain.  It  will  be  noticed  by  studying  these  tables  that  the  germ  is  char- 
acterized by  the  protein  and  fat,  the  endosperm  by  an  abundance  of 
starch,  and  the  bran  by  a  preponderance  of  mineral  matter  and  cellulose. 
It  should  be  added  that  the  germ  is  further  peculiar  in  both  its  protein 
and  its  carbohydrate  contents,  chiefly  present  in  a  soluble  form. 

FLOUR.— Flour  is  made  by  grinding  the  grain  of  various  cereals.  'No 
doubt  from  eating  the  green  heads  of  wheat,  man  came  gradually  to  store 
the  dried  grain  for  winter  use.  It  is  within  the  bounds  of  possibility 
that  in  time  he  was  not  long  in  perceiving  that  he  might  reduce  the  work 
of  his  teeth  by  triturating  or  beating  the  grains  of  wheat  between  two 
stones.  There  are  to  be  found  in  archeological  collections  rounded  pieces 
of  sandstone  which  were  evidently  used  for  breaking  up  the  seeds  of 
grasses  and  grain  used  by  man  for  food ;  not  by  rubbing  or  rotary  motion, 
but  by  pounding  with  a  round- ended  stone  the  seeds  laid  out  upon  a  flat 
stone.  There  are  said  to  be  still  in  Ireland  and  other  places  rocks  which 
give  evidence  of  being  used  for  that  purpose. 

Methods  of  Making  Flour. — From  the  primitive  methods  of  pow- 
dering wheat  upon  a  flat  stone  with  mortar-like  depression  came  the  quern 
or  handmill,  formerly  used  in  the  British  Isles.  This  may  be  roughly 
described  as  an  inverted  mortar  with  a  hole  in  the  center,  closely  fitted 
over  a  stationary  stone  (pestle),  which  had  grooves  cut  on  its  rounded 
surface.  The  grain  was  poured  in  through  a  small  hole  in  the  top  of  the 
quern  just  referred  to.  The  next  advance  in  grinding  grain  was  the 
huhr  millstone,  which  consists  of  a  fixed  nether  millstone  upon  which  the 
upper  millstone  is  made  to  revolve.  The  motive  power  from  the  earliest 
times  was  furnished  by  slaves,  cattle  and  water.  After  watermills  came 
windmills,  then  steam  and  electricity. 

The  modern  process  of  milling  wheat  is  done  by  crushing  the  clean 
dried  berry  between  steel  rollers.  This  is  termed  the  patent  roller  process. 
In  the  old  method  of  milling  wheat,  the  bran  was  removed  but  the  germ 
was  left,  the  meal  or  flour  consisting  of  the  products  of  the  germ  and 
endosperm  together.  In  the  elaborate  process  of  the  modern  roller  mill, 
however,  the  germ  also  is  removed.  It  is  found  that  the  oil  which  is 
contained  so  abundantly  in  the  germ  is  apt  to  become  rancid,  spoiling 
the  flour.  The  soluble  proteins  which  are  present  in  that  part  of  the 
grain  are  apt  to  act  upon  the  starch  of  the  flour,  converting  part  of  it 
into  soluble  forms,  dextrins  and  sugar.     These  darken  in  color  in  the 
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oven  and  detract  from  the  appearance  of  the  bread.  During  the  process 
of  milling;,  to  which  the  whole  grain  is  subjected,  its  component  parts 
are  broken  up  and  various  niillinfj^  product.s  produced.  The  outer  coat 
yields  bran,  fine  pollards  and  middlings,  which  represent  different  frag- 
ments of  it  from  without  inward.  The  germ  is  removed  as  refuse,  while 
the  flour  is  derived  solely  from  the  endosperm,  or  center  of  the  wheat 
grain. 

To  such  flour  is  applied  the  term  straight  run.  The  yield  is  about 
seventy  per  cent  of  the  weight  of  the  original  grain.  By  mechanical 
processes  this  is  further  subdivided  into  patents  and  a  large  quantity  of 
bakers'  or  household  grades.  The  former  is  derived  from  the  central 
part  of  the  endosperm,  and  as  prepared  from  ordinary  wheat  is  rather 
poor  in  protein  but  rich  in  starch. 

Household  flour  is  subdivided  further  into  (a)  second  patents,  or 
whites;  (&)  first  households;  (c)  second  households,  or  "seconds.'^ 

Relative  Composition  of  Flours. — The  following  table,  from  Bul- 
letin 'No.  13,  Division  of  Chemistry,  United  States  Department  of  Agri- 
culture, shows  the  relative  composition  of  various  grades  of  flours  and 
milling  products  manufactured  in  America : 

ANALYSES   OF  WHEAT  AND   THE   PRODUCTS   OF  ROLLER  MILLING 


Water 

Pro- 
teid 

Fat 

Carbohydrates 

Ash 

Starch, 
etc. 

Crude 
Fiber 

Wheat  as  it  enters  the  mill 

First  break 

% 

9.66 

8.23 

7.66 

10.91 

12.12 

8.75 

11.4 

11.3 

11.9 
12.8 
12.4 
12.0 

% 
14.18 
14.18 
16.28 
16.28 
16.63 
33.25 
13.8 
13.3 

13.3 
10.8 
11.2 
14.0 

% 
2.61 
2.68 
5.34 
5.03 
3.85 
15.61 
1.9 
2.2 

1.5 
1.1 
1.0 
1.9 

% 
69.94 
71.56 
59.42 
56.21 
63.93 
35.19 
71.0 
70.5 

72.0 
74.6 
74.7 
70.4 

% 
1.70 
1.62 
5.60 
5.98 
1.18 
1.75 
0.9 
0.6 

0.7 
0.2 
0.2 
0.8 

% 
1.91 
1.73 

Sixth  breaJs ... 

5.68 

Bran 

Tailings  from  reduction  No.  5 . . 
Second  Germ 

5.59 
2.29 
5.45 

Entire  Wheat  Flour 

1.0 

Graham  Flour. .        

1.8 

Patent  Roller  Process  Flour: 

Bakers'  grade 

Family  and  straight  grade.. . . 

High  grade 

Low  ffrade                             .  . . 

0.6 
0.5 
0.5 
0.9 

The  Flour  Best  for  Food. — From  what  has  been  said  concerning 
flour  and  the  various  analyses  of  different  grades  of  flour,  it  may  be 
readily  understood  that  "whole  wheat  flour,"  "household  flour"  and  "pat- 
ent flour"  have  a  superiority  over  the  so-called  "patent  roller  flour"  both 
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for  digestibility,  and  availability  for  bread  making.  Dr.  Hamill(2) 
examined  the  evidence  published  with  regard  to  the  nutritive  value  of 
various  kinds  of  flour  and  arrived  at  the  following  conclusions — ^^that 
whole  wheat  flour,  both  stone  ground  and  so-called  'standard/  or  eighty 
per  cent  flour,  contains  less  available  protein  than  patent  or  standard 
patent  flour."  He  says  ^'there  is  a  difference  in  entire  wheat  flour  and 
eighty  per  cent  flour  owing  to  the  presence  of  small  particles  of  bran  and 
the  germ  of  wheat,  which  contain  additional  constituents  and  possess  a 
value  of  their  own  in  nutrition.  Among  the  component  constituents  are 
phosphorus  containing  organic  compounds  and  other  substances,  which 
may  prove  to  be  of  importance  in  nutrition." 

Tibbies (3)  believes  that  a  vast  difference  exists  in  the  effect  on  ani- 
mals of  entire  wheat  meal  flour  and  ordinary  wheat  flour.  This  differ- 
ence, he  holds,  is  neither  due  to  protein  nor  phosphates,  but  he  alleges 
that  it  has  been  shown  that  the  value  of  different  parts  of  the  grain  for 
nutritive  purposes  cannot  be  determined  merely  by  an  estimation  of  the 
protein,  fat  and  carbohydrates.  The  entire  wheat  grain  when  it  leaves 
the  harvest  contains  all  of  the  elements  necessary  for  the  growth  and  de- 
velopment of  a  wheat  plant,  and  there  is  nothing  in  the  wheat  berry 
which  is  not  of  use  for  the  proper  growth  of  the  young  sprout.  Vari- 
ous feeding  experiments  have  been  conducted  to  determine  the  value  of 
whole  wheat  flour  and  standard  or  patent  flour.  Hill  and  Flack (4)  have 
conducted  a  series  of  experiments  with  rats  fed  on  whole  wheat  flour, 
standard  flour  and  Hovis  flour (5).  The  rats  grew  normally  on  whole 
wheat  flour  and  produced  young;  but  another  cage  of  rats  fed  on  white 
flour  did  not  thrive  and  failed  to  produce  young  or,  w^hen  they  did,  the 
young  did  not  thrive.  It  was  shown  by  Tibbies  that  the  nutrition  of  rats 
fed  on  white  flour  was  likely  to  suffer  from  the  absence  of  cellulose,  this 
element  being  necessary  for  the  nutrition  of  animals  possessing  a  long 
intCotinal  canal.  Dogs  fed  exclusively  on  bread  baked  from  patent  roller 
flour  die  within  eighteen  to  twenty-five  days,  whereas  dogs  fed  exclusively 
on  whole  wheat  flour  at  the  end  of  thirty  days  were  hearty  and  thriv- 
ing. Edie  and  Simpson (6)  fed  cages  of  pigeons  on  white  bread,  whole 
wheat  bread  and  standard  bread.  Those  fed  with  standard  bread  main- 
tained their  weight,  paired  and  laid  eggs ;  those  fed  with  white  bread  im- 
mediately began  to  lose  weight  and  manifested  illness,  developing  poly- 
neuritis, the  beri-beri  of  fowls.  Some  of  the  latter  died,  others  were  cured 
and  recovered  their  weight  and  fitness  when  fed  on  whole  grain  or  whole 
grain  and  yeast. 

As  a  result  of  these  experiments  it  was  concluded  that  the  outer  por- 
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tions  of  tlio  grain  of  wheat  which  were  removed  in  the  milling  process 
included  substances  which  are  necessary  for  growth,  maintenance  of  nu- 
trition and  even  life  itself.  These  substances  arc  important  both  for  the 
growing  and  adult  animal.  The  milling  of  wheat,  then,  is  a  question 
of  national  importance.  The  flour  from  which  the  bread  was  made  that 
nourished  our  sturdy  forefathers  was  not  made  in  a  patent  roller  process 
mill  but  was  ground  on  an  old-fashioned  buhr  millstone.  The  finished 
flour  contained  all  of  the  starch  and  cereal  salts  that  nature  grew  into 
the  wheat  berry.  An  old  English  author  in  writing  on  this  subject  says: 
"Whatever  mixtures  of  grain  or  qualities  of  bread  might  be  the  food  of 
some  of  our  ancestors,  the  common  standard  of  bread  from  Alfred  the 
Great's  time  down  to  the  time  of  Queen  Anne  was  three-fourths  of  the 
wheat  which  represented  all  of  the  flour."  The  writer  says  that  all  went 
well  for  eight  hundred  years,  but  in  the  time  of  Queen  Anne  it  was 
thought  proper  to  have  three  sorts  of  bread,  "so  that  instead  of  flour  for 
bread,  and  bran  that  remained,  assize  bread  became  a  mystery,  and  we 
no  longer  knew  what  we  were  eating.''  Tibbies (7),  in  summing  up  this 
writer's  views,  says : 

The  miller  divided  the  flour,  but  in  the  attempt  to  prepare  one  for  white, 
another  for  wheaten  and  the  third  for  household  bread,  the  inferior  kind  became 
disagreeable  to  the  taste  of  those  accustomed  to  finer  bread.  The  inferior  bread 
contained  the  pollard  and  fine  bran,  which  few  people  chose  to  eat  if  they  could 
obtain  the  finer  kind,  and  so  the  people,  rejecting  what  they  called  "brown"  bread, 
took  to  the  wheaten,  which  they  called  "white"  bread,  and  from  that  day  to  the 
present  the  greatest  attention  has  been  paid  to  the  production  of  the  finest  and 
whitest  bread.  But  to  obtain  the  finest  flour  and  whitest  bread  it  has  become 
necessary  to  remove  all  the  bran  and  the  germ.  By  so  doing,  however,  the  miller 
and  baker  have  impoverished  the  flour  and  bread  of  some  of  the  most  important 
constituents  of  the  wheat  grain,  viz.,  the  vitamines,  enzymes,  activators,  amino- 
acids  and  lipoids,  which  only  exist  in  the  germ  and  subpericarpal  layers  of  the 
bran  of  wheat.  The  removal  of  these  substances  does  not  matter  very  much  in 
the  case  of  well-to-do  families,  where  fresh  milk,  animal  foods  and  vegetables 
containing  vitamines  are  constantly  a  part  of  the  daily  diet.  But  it  matters 
greatly  to  the  children  of  the  poor,  whose  chief  diet  is  white  bread. 

Whole  Wheat  Flour. — ^Whole  wheat  flour  is  the  product  of  the 
entire  wheat  grain  as  it  leaves  the  harvest  field  and  contains  absolutely 
everything  within  the  epidermis  of  the  wheat  berry — the  whole  gluten, 
the  germ  with  its  rich  protein  and  oils  and  all  of  the  salts  and  all  of  the 
starches.  Whole  wheat  flour  is  the  most  perfect  wheat  product  that  the 
ingenuity  of  man  has  devised.  It  is  practically  wheat  meal  containing 
all  the  proteins,  fat,  carbohydrates  and  minerals  which  nature  grew  in 
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the  wheat  berry.  No  sieves,  bolters  or  dressers  are  used  in  its  manufac- 
ture.  The  presence  of  bran  prevents  the  product  from  being  very  fine, 
consequently  many  coarse  particles  of  bran  and  unpulverized  kernel  can 
be  detected  in  the  finished  product.  Ordinary  white  flour  produced  by 
the  patent  roller  process  contains  44  per  cent  of  mineral  matter,  while 
whole  wheat  flour  contains  1.75  per  cent  mineral  matter. 

BREAD.— Bread,  ordinarily  made  from  a  mixture  of  "whites"  and 
"households,"  is  derived  most  commonly  from  a  blend  of  different  wheats. 
The  best  blends  for  this  country  are  made  up  from  admixtures  of  hard 
winter  wheat  with  white  spring  wheat.  The  advantage  of  blending  is 
that  the  deficiencies  of  one  kind  of  gluten  are  made  up  for  by  the  ex- 
cesses of  another.  Gluten  is  a  composite  substance,  and  since  some  wheats 
are  richer  in  some  constituents  and  other  wheats  in  others,  by  suitable 
blending  a  fiour  can  be  produced,  which  is  not  only  "strong,"  but  has  also 
a  good  color  and  flavor. 

Historical  Tracings  of  Bread  Making. — Bread  making  is  an  an- 
cient art,  and,  like  the  origin  of  grinding  grain,  antedates  history,  Ching- 
Nong,  1998  b.  c,  is  reputed  to  have  been  the  first  who  taught  men  (the 
Chinese)  the  art  of  husbandry  and  the  science  of  making  bread  from 
wheat.  The  Greeks  attributed  the  discovery  of  bread  making  to  the  god 
Pan,  but  bread  was  in  use  among  the  Chaldeans  and  Egyptians  before 
the  Greek  gods  had  their  inception.  Its  earliest  form  was  probably  un- 
leavened bread,  consisting  of  bannocks,  made  from  bruised  and  broken 
cereals,  mixed  with  water  or  water  and  oil. 

In  the  days  of  the  patriarch  Abraham  cakes  were  made  which  were 
thought  to  be  a  fit  offering  for  the  angels.  His  wife  Sarah  mixed  flour 
and  water  together,  kneaded  it  and  baked  bread,  using  the  hearth  for  an 
oven  and  hot  ashes  for  heat.  Prior  to  the  bondage  of  the  Israelites  in 
Egypt  baking  had  become  a  highly  perfected  art.  The  Egyptians  used 
several  varieties  of  flour  and  made  cakes  of  many  kinds  and  shapes. 

According  to  profane  history,  one  of  the  most  important  of  servants 
in  the  service  of  Pharaoh  during  Joseph's  regime  was  a  professional 
baker.  The  staple  product  of  the  country  seems  to  have  been  a  cereal 
(com  in  the  British  sense,  not  maize,  Indian  or  American  corn),  which 
Joseph  gathered  and  stored  away  during  the  seven  years  of  plenty  and 
sold  during  the  seven  years  of  famine. 

From  Eg}'pt  the  art  of  baking  spread  to  Greece,  thence  to  Eome, 
where  the  bakers  formed  a  guild  or  a  kind  of  trades  union.  In  Europe, 
however,  the  art  of  baking  antedated  the  knowledge  of  the  Egyptians, 
for  excavations  made  in  Switzerland  at  the  site  of  the  prehistoric  lake 
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dwellings  not  only  revealed  grinding  stones  for  milling  purposes  but  also 
revealed  evidence  of  the  baking  art  in  the  presence  of  charred  loaves  of 
bread.  It  would  seem  that  not  infrequently  these  pile  dwellings,  like 
those  of  modern  man,  would  catch  tire.  The  charred  bread,  still  retaining 
the  form  of  the  grains,  cooking  utensils,  etc.,  would  drop  from  the  burn- 
ing building  and  sink  to  the  bottom  of  the  lake,  to  remain  a  mute  but 
sure  witness  to  the  customs  of  those  remote  days,  for  charcoal  is  not  sus- 
ceptible of  decay  and  is  practically  everlasting  when  once  burned. 

The  cakes  were  round,  an  inch  or  an  inch  and  a  half  thick,  flat  or 
slightly  concave  on  the  bottom,  giving  evidence  of  having  been  baked  by 
placing  them  on  heated  rocks  and  covering  them  with  hot  ashes.  The 
material  of  which  the  loaves  were  made  was  not  flour  or  meal  as  we 
understand  the  terms,  but  grains  of  cereal  broken  up  into  larger  and 
smaller  particles. 

Process  of  Home  Baking. — Bread  is  the  most  widely  used  product 
of  wheat  and  is  made  in  many  different  forms  and  varieties.  As  made 
in  the  home,  bread  is  usually  prepared  by  mixing  yeast  with  a  flour  bat- 
ter and  leaving  it  to  ferment  for  several  hours.  During  this  process 
alcohol  and  carbonic  acid  gas  are  produced  which  make  the  mass  vesic- 
ular and  cause  the  dough  to  "rise."  Gluten,  a  mixture  of  proteins,  has 
the  peculiar  property  of  becoming  viscid  when  mixed  with  water.  The 
yeast  causes  a  liberation  of  gas  that  blows  up  the  viscid  mass,  which  yet 
possesses  sufficient  coherence  to  remain  in  the  form  of  a  honeycomb  or 
sponge.  Without  this  coherence,  light  bread  could  not  be  made.  The 
manufacture  of  good  bread  depends  largely  upon  whether  the  flour  con- 
tains a  fair  percentage  of  gluten  or  not.  It  is  the  proportion  of  gluten 
rather  than  starch  which  determines  the  character  of  the  bread,  and  the 
character  of  the  gluten  is  even  more  important  than  its  proportion.  The 
right  proportions  of  glutenin  and  gliadin,  the  component  parts  of  gluten, 
affect  the  stability  of  the  latter,  so  necessary  for  the  production  of  a 
porous  spongy  bread  that  will  retain  its  moisture.  In  the  making  of 
bread,  alcohol  forms  in  the  sponge  or  dough,  incident  to  the  yeast  fer- 
mentation. 

Sour  Bread. — In  the  process  of  baking,  the  alcohol  is  almost  entirely 
driven  off  and  the  yeast  germs  killed.  If  the  bread  be  not  thoroughly 
baked  some  of  the  alcohol  may  be  retained  in  the  loaf  and  the  life  of  the 
yeast  may  not  be  completely  destroyed.  This  will  cause  the  bread  to  sour 
when  it  is  a  day  or  two  old. 

Hot  Bread. — While  it  is  true  that  hot  bread  forms  larger  doughy 
masses  in    the   stomach    than    stale    bread    and   resists  the   action   of  the 
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digestive  juices  a  little  longer,  yet  in  healthy  persons  the  digestive 
process  is  not  materially  prolonged.  A  well-baked  loaf  should  have 
a  bottom,  top,  side  and  end  crust  which  is  hard  and  resonant,  while  the 
crumb  is  elastic  and  spongy.  Such  a  loaf  when  stale  and  slightly  dried 
should  be  prescribed  for  dyspeptics,  because  it  crumbles  into  fine  particles 
and  is  more  easily  mixed  with  the  salivary  juices  during  mastication. 
Hot  bread  can  be  made  without  the  aid  of  yeast;  its  ^'rising"  proper- 
ties are  conferred  upon  it  by  the  chemical  action  of  soda  or  baking 
powder. 

Bread  Leaveners. — Bicarbonate  of  soda  is  an  alkali.  If  great  care 
is  not  used,  some  of  it  will  remain  unneutral ized  on  account  of  the  insuffi- 
cient acid  in  the  product.  In  making  biscuit,  cream  of  tartar  and  bicar- 
bonate of  soda  are  usually  used,  in  the  proportion  of  two  and  one-quarter 
level  teaspoonsful  of  cream  of  tartar  and  one  level  teaspoonful  of  soda  to 
one  pint  of  flour.  During  the  kneading  and  baking  a  chemical  reaction 
takes  place,  and  Rochelle  salt  is  the  product  which  is  left  in  the  batch 
of  biscuits  to  the  amount  of  two  and  one-half  teaspoonsful.  Rochelle 
salt  and  many  other  chemicals  in  food  are  not  food,  cannot  be  used  by  the 
body,  and  must  be  eliminated.  This  puts  extra  and  uncalled-for  work 
upon  the  organs  of  elimination,  especially  those  whose  function  it  is  to 
destroy  poisons.  When  soda  is  used  with  milk,  sodium  lactate  is  left  in 
the  bread;  when  combined  with  vinegar  or  molasses,  sodium  acetate  is 
left  behind.  All  these  chemicals  interfere  with  digestion  and  with  the 
life  processes  of  the  body,  and  affect  chiefly  those  who  are  not  vigorous 
and  who,  from  their  vocations,  are  kept  indoors. 

Alum  is  also  used  as  a  leavener  in  bread  making.  It  lessens  the  nu- 
tritive value  of  the  bread  by  converting  the  phosphates  into  aluminum 
phosphate.  In  excess, .this  is  a  prolific  source  of  dyspepsia  and  con- 
stipation. 

Aerated  Bread. — Aerated  bread  is  made  without  the  aid  of  yeast. 
By  this  means  fermentation  is  avoided  and  some  of  the  starch  saved. 
Such  bread  is  usually  made  by  machinery,  no  human  hand  ever  touching 
the  flour,  dough  or  finished  loaf.  The  process  is  this:  ''Flour  is  poured 
into  the  machine;  the  atmospheric  air  is  abstracted  and  its  presence  re- 
placed by  carbonic  acid  gas;  the  dough  is  made  with  aerated  water; 
the  kneading  is  done  by  a  machine,  which  turns  out  the  dough  into  tins, 
which  are  kept  moving  over  the  fire  until  the  loaves  are  done  to  a  turn." 
Such  bread  is  light  and  spongy  and  has  the  advantage  of  cleanliness,  be- 
sides being  free  from  sources  of  overfermentation.  With  the  use  of 
aerated  bread  heartburn,  indigestion  and  flatulence  become  less  frequent. 
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Yeast  bread,  however,  hy  reason  of  its  liigh  vitaiiiiiie  (•((ntciit,  is  more 
wholesome  than  aerated  bread. 

CiiARACTKRisTics  OF  GooD  Bread. — No  niBtter  by  what  process  a 
loaf  of  bread  is  made,  it  should  ])osses8  certain  characteristics:  (n)  it 
should  be  well  "risen";  (h)  it  should  jmssess  a  thin,  llinty  crust,  neither 
very  light  nor  dark  in  color,  and  sufficiently  brittle  to  break  easily;  (c) 
the  crumb  should  be  elastic,  of  uniform  texture  without  large  holes,  and 
of  a  smooth  and  silky  ''pile";  (d)  it  should  have  a  sweet  nutty  flavor  and 
odor;  (e)  in  color  it  should  be  neither  light  nor  dark;  (/)  the  crumb 
should  be  of  a  creamy  whiteness  when  made  from  white  patent  flour. 

Digestibility  and  Absoiiptiox  of  Bukad. — The  digestibility  of 
bread  has  been  casually  referred  to  and  the  notorious  indigestibility  of 
new  bread  pointed  out.  The  more  thoroughly  bread  is  chewed  and  ground 
into  fine  particles  by  the  teeth,  the  more  complete  will  be  the  transforma- 
tion of  the  starch.  It  is  due  to  the  greater  ease  with  which  they  can  bo 
pulverized  by  the  teeth  that  dry  toast  and  ordinary  stale  bread  are  more 
easy  to  digest  than  newly  baked  loaves.  The  dryness  of  the  toast  enables 
the  bolus  to  become  more  thoroughly  insalivated  during  mastication.  As 
a  result,  it  is  readily  converted  into  soluble  forms.  For  this  reason  the 
crust  of  bread  is  more  easily  digested  than  the  crumb.  From  the  action 
of  saliva  on  breadstuffs  digestion  continues  sparingly  in  the  stomach. 
When  it  reaches  the  intestine  the  final  digestion  of  the  starch  and  pro- 
tein takes  place  and  absorption  begins.  When  properly  digested  bread 
is  almost  entirely  absorbed. 

Some  of  the  most  conclusive  experiments  in  the  absorption  of  bread, 
made  from  the  three  following  grades  of  flours,  were  made  by  Rubner 
and  are  quoted  here : 

1.  Finest  white  "patent  roller'' 

2.  Middle  quality  "seconds" 

3.  Whole  wheat  flour. 


The  amount  of  nutrients  contained  in  the  loaves  made  from  each 
grade  was  as  follows : 

ABSORBABILITY  OF  BREAD  MADE  OF  VARIOUS  GRADES  OF  FLOUR 

Carbo-  Mineral 

Nitrogen                   Fat                   hydrates  Matter 

No.  1  10.20                     6.69                     528.8  2.39 

No.  2  13.19                     5.65                     507.9  2.85 

No.  3   12.45                   12.65                     504.5  8.54 
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Bread  No.  1  contained  68.5  per  cent  water;  Xo.  2  had  69.4  per  cent; 
Xo.  3,  62.4  per  cent.  The  percentages  of  loss  from  non-absorption  were 
these : 

Quantity  Per  cent  Per  cent  Per  cent 

of  Dry                 Dry  Per  cent  Per  cent  Carbo-  Ash 

Substance         Substance  N.  Lost  Fat  Lost  hydrate  Lost 

Eaten  Lost  Lost 

No.  1   ....   615.3  grams      4.03  20.07  44.69  1.10  19.28 

No.  2   ....  612.6      "           6.66  24.56  62.83  2.57  30.35 

No.  3  ... .  617.1     "  12.23  30.47  51.14  7.37  44.98 

The  absolute  losses  were: 

Fresh  Carbo- 

Feces  Dried  N.  Fat  hydrates  Ash 

No.  1   132.7  24.8  2.17  2.99  5.83  2.39 

No.  2  252.8  40.8  3.24  3.55  13.10  3.90 

No.  3   217.8  75.7  3.80  6.47  37.23  8.34 

He  draws  especial  attention  to  the  great  absolute  loss  of  carbohydrate 
in  the  whole  wheat  bread. 

More  recent  experiments  have  been  made  in  this  country (8),  in  which 
the  absorption  of  bread  made  from  patent  and  bakers^  flour,  respectively, 
was  studied,  672  grams  (24  ounces)  of  bread  being  taken  daily.  The 
results  were: 

ABSORBABILITY  OF  BREAD  FROM  BAKERS'  AND  PATENT  FLOUR 

Per  cent  Digested 


Bread 
"Bakers' " 
"Patents" 


Dry  Matter 

Protein 

94.2 

91.0 

94.4 

90.5 

Fat 

Carbohydrates 

94.6 

96.8 

94.7 

96.9 

'No  difference  was  found  in  this  case  between  the  two  kinds  of  bread. 
In  another  set  of  experiments  white  bread,  entire  wheat  and  graham 
bread  were  compared,  with  the  following  results(9)  : 

100    GRAMS    OF    BREAD    YIELD  IN    THE    BODY 

Calories  Protein 

White  bread   269  8.6  grams 

Entire  wheat  bread 235  8.6      " 

Graham  bread 218  8.3       " 

"Taking  the  results  as  a  whole,  it  may  fairly  be  concluded  that  the 
protein  of  whole  wheat  bread  is  not  so  well  absorbed  as  that  of  white 
bread.  Even  bread  made  from  decorticated  wheat  does  not  offer  the 
advantages  often  ascribed  to  it,  for  exact  experiment  has  shown  that  it  is 
not  much  better  absorbed  than  ordinary  whole  wheat  bread." 

Two-thirds  of  a  loaf  of  bread  is  made  up  of  gas  and  the  solid  part, 
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about  30  per  cent  to  35  per  cent  by  weight,  consists  of  water,  so  that 
bread  is  one  of  the  least  watery  of  vegetable  foods,  relatively  much  less 
so  than  raw  meat. 

Nutritive  Value  of  Bread. — Taking  weight  for  weight,  though  by 
no  means  bulk  for  bulk,  bread  can  bo  regarded  as  one  of  the  most  nu- 
tritious of  our  ordinary  foods.  It  contains  most  of  the  chemical  constit- 
uents necessary  for  proper  nutrition.  It  yields  a  large  proportion  of 
carbohydrates,  a  moderate  amount  of  protein  and  mineral  matter,  but 
scarcely  any  fat.     For  this  reason  it  cannot  be  regarded  as  a  perfect  food. 

From  an  economic  point  of  view  bread  is  not  only  the  most  nutritious 
but  it  is  also  among  the  cheapest  of  oiir  foods,  both  in  regard  to  the  actual 
weight  of  nourishment  obtained  and  in  regard  to  the  variety  of  nutrient 
constituents. 

Sawdust  and  Woody  Fiber  Bread. — In  Sweden  and  Norway  saw- 
dust is  sometimes  converted  into  bread,  for  which  purpose  beech  or  some 
wood  which  does  not  contain  turpentine  is  repeatedly  macerated  and 
boiled  in  water  to  remove  soluble  matters  and  then  reduced  to  powder, 
heated  several  times  in  an  oven  and  ground.  In  this  state  it  is  said  to 
have  the  smell  and  taste  of  corn  flour.  (Tomlinson's  "Cyclopedia  of 
Useful  Arts,"  vol.  ii,  p.  926.) 

Bread  has  been  made  in  times  of  famine  of  a  variety  of  substances; 
thus,  in  the  years  1629,  1630  and  1693,  very  good,  wholesome,  white 
bread  was  made  from  boiled  turnips  in  England.  The  moisture  was 
pressed  out  of  the  turnips,  and  they  were  then  kneaded  with  an  equal 
quantity  of  wheaten  flour.  (Becknian's  "History  of  Inventions,'^  vol.  i, 
p.  349,  1846.) 

During  the  late  siege  of  Paris  the  bread  served  out  constituted  a  very 
coarse  and  mixed  article.  In  Sheppard's  "Shut  Up  in  Paris,"  p.  309, 
it  is  stated  to  have  been  found  by  analysis  to  be  comprised  of  one-eighth 
wheat,  four-eighths  potatoes,  peas,  oats  and  rye,  two-eighths  water,  and 
the  remaining  one-eighth  straw,  hulls  of  grain  and  the  skins  of  vegetable 
products. 

During  the  present  European  war  it  is  claimed  that  Germany  has 
resorted  to  the  use  of  sawdust  in  bread  making.  A  friend  of  the  author, 
traveling  in  Germany  and  Switzerland  in  1916,  was  presented  with  a 
loaf  of  this  bread  which  was  being  used  as  food  for  the  English  and 
French  prisoners. 

RICE.— Rice  is  more  widely  used  for  food  than  any  other  cereal  ex- 
cept wheat.  It  is  the  staple  cereal  in  Oriental  countries,  where  hundreds 
of  millions  of  people  depend  upon  it  as  their  chief  source  of  starchy  foods. 
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Cultivation  of  Rice. — Rice  is  grown  in  low  alluvial  lands,  and  re- 
quires in  the  early  part  of  its  production  that  the  fields  or  squares  on 
which  it  is  growing  be  actually  flooded  with  water.  '^During  germination 
and  growth  of  the  crop,  water  is  allowed  to  flood  the  field  several  times; 
between  times  the  earth  is  allowed  to  dry  while  the  young  rice  is  hoed 
or  worked."  When  rice  is  threshed  it  contains  a  brown  husk,  which  is  to- 
day removed  by  a  hulling  machine.  In  former  days  it  was  removed  by 
means  of  a  large  mortar  and  pestle  worked  by  hand.  Until  recent  years 
the  simple  process  of  hulling  rice  was  considered  satisfactory,  but  a  de- 
mand for  a  whiter  and  a  more  highly  polished  rice  has  brought  about  the 
perfection  of  elaborate  machinery,  in  which,  by  means  of  leather  belts, 
the  outer  layer  of  the  grain  is  rubbed  off,  and  with  it  most  of  the  nutritive 
material  of  the  grain  is  lost.  The  practice  of  polishing  rice  continues, 
and  as  a  result  the  best  of  this  important  food  is  separated,  to  be  used  as 
a  food  for  stock,  instead  of  remaining  with  the  grain  to  enrich  the  food 
of  human  beings. 

Composition  of  Rice. — The  average  composition  of  rice,  as  har- 
vested, hulled  and  polished,  is  shown  in  the  following  table (10)  : 

COMPOSITION    OF    RICE 


In  the  Husk 

Hulled 

Polished 

Water 

Protein 

Fat 

Starch,  Sugar  and  Gum 

10.50 
6.80 
1.60 

68.10 
9.00 
4.00 

12.00 
7.20 
2.00 

76.80 
1.00 
1.00 

12.40 
6.90 
0.40 

77.40 

Cellulose 

Ash 

0.40 
0.50 

From  a  study  of  this  analysis  it  will  be  seen  that  rice  is  poor  in  pro- 
teins (6  per  cent)  and  fat,  and  is,  therefore,  not  a  suitable  form  of  food 
for  any  individual  or  nation,  unless  served  with  eggs  or  milk,  as  in  pud- 
dings, or  with  meat,  fish  or  peas,  to  furnish  a  well-balanced  ration. 

Digestion  and  Absorption  of  Rice. — Rice  is  only  moderately  easy 
of  digestion,  but  is  absorbed  with  very  great  completeness  in  the  intes- 
tine; indeed,  its  solid  constituents  enter  the  circulation  almost  as  com- 
pletely as  those  of  meat.  This  ease  of  absorption  is  due  to  the  small 
amount  of  cellulose.  The  fact  that  rice  leaves  very  little  residue  in  the 
intestine  is  of  value  in  certain  cases.  Its  nutritive  value  is  reduced  by 
its  deficiency  in  protein  and  fat  as  well  as  by  its  impoverished  condition 
due  to  the  process  of  polishing  the  gram. 
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Polished  Rice:  Its  Insufficiency. — The  insufficiency  of  white  or 
polished  rice  as  a  food  has  heen  studied  hy  |)]iyHi<)h)gists,  dietitians  and 
physicians,  and  the  reports  of  researches  along  this  line  are  numerous. 
Kajiura,  in  collaboration  with  Rosenheim ( 1 1 ) ,  published  the  resultr,  of 
their  researches  concerning  the  proteins  of  rice.  This  does  not  appear 
to  have  been  as  thoroughly  accomplished  by  any  previous  workers  in 
this  field.  They  established  the  fact  that  rice  is  wholly  lacking  in  pro- 
tein soluble  in  alcohol,  such  as  gliadin  in  wheat  and  hordein  in  barley. 
They  were  convinced  that  the  lack  of  such  a  protein  in  polished  rice 
might  account  for  its  insufficiency  as  a  food.  They  fed  groups  of  birds 
on  rice  plus  gluten,  rice  plus  hordein  and  rice  plus  calcium  carbonate 
and  phosphate.  In  all  cases  the  birds  died  after  varying  lengths  of  time. 
Control  birds  fed  on  whole  barley  grew  normally  and  were  maintained  in 
a  good  condition  of  health.  These  various  observations  were  not  sufficient 
to  prove  that  the  lack  of  gliadin  or  hordein  was  directly  accountable  for 
the  different  effects  of  barley  and  polished  rice. 

Polished  rice  is  rice  which,  in  the  process  of  milling,  has  been  deprived 
of  its  husk  or  shell,  pericarp,  subpericarpal  layers  and  the  germ.  From 
the  thresher  the  rice  is  sent  to  the  mills  in  barrels  holding  about  162 
pounds  each.  From  this  quantity  of  rough  rice  the  mills  secure  95 
pounds  of  clear  rice,  8  pounds  of  polished  rice,  30  pounds  of  bran  and 
29  pounds  of  waste.  The  rice  polish  and  the  rice  bran  are  mixed  and  sold 
as  a  foodstuff  under  the  name  of  rice  food  or  rice  meal.  It  is  very  nu- 
tritious and  is  largely  employed  as  a  food  for  pigs.  After  the  process 
of  milling  and  polishing  the  end  of  each  grain  shows  a  depression  which, 
in  the  entire  grain,  contained  the  minute  yellowish  embryo.  The  re- 
moval of  these  structures  leaves  a  grain  composed  of  cells  packed  with 
starch.  The  substances  removed  during  polishing  are  driven  off  by  cen- 
trifugal force  through  the  meshes  of  a  wire  cloth.  They  form  rice  polish- 
ings,  rice  bran  or  meal.  This  material  contains  the  embryo,  the  amino- 
acids,  the  vitamines  and  other  substances  contained  in  the  outer  layers 
of  the  rice.  Fraeser  and  Stanton  (12)  carried  on  a  series  of  investiga- 
tions and  were  convinced  that  the  deeper  layers  of  the  pericarp,  removed 
in  polishing  rice,  contain  a  substance  or  substances  essential  to  the  organ- 
ism. These  results  agree  with  many  observations  since  made  on  the 
subject.  An  alcoholic  extract  has  been  made  from  rice  polishings  and 
administered  to  birds  and  human  beings  suffering  from  beri-beri  caused 
by  eating  "white  rice."  This  has  effected  a  cure.  Simpson,  Webster  and 
others (13)  confirm  the  discovery  that  rice  bran  and  its  alcoholic  extracts 
contain  substances  of  a  protective  and  curative  nature.     Their  method  of 
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securing  this  curative  was  by  concentrating  the  extracts  under  a  fan  in- 
stead of  on  a  water  bath,  thereby  showing  that  the  protective  substances 
are  destroyed  by  moderate  heat.  Casimir  Funk,  in  a  long  research  at 
the  London  Lister  Institute,  has  done  a  vast  amount  of  work  in  connec- 
tion with  the  '^protective  substances,"  to  which  he  gave  the  name  of 
vitamines.  These  are  nitrogenous  substances,  probably  amins,  and  higtily 
essential  to  life.  The  important  truth  learned  from  the  researches  of 
these  investigators  is  that  we  seem  here  to  be  dealing  with  a  compound  or 
with  compounds  which  cannot  be  classified  under  any  of  our  accepted 
foodstuffs,  protein,  fat,  carbohydrate  or  inorganic  salts.  Small  quanti- 
ties only  are  needed  for  health,  and  the  organism  may  be  deprived  of 
them  without  serious  consequences  for  considerable  periods  of  time.  Con- 
tinued deprivation,  however,  leads  inevitably  to  death. 

CORN.— Corn  is  a  cereal  peculiar  to  this  country,  unknown  until  the 
discovery  of  America.  The  progenitor  of  our  Indian  corn  (according  to 
the  Popular  Science  Monthly)  was  a  plant  of  the  grass  family,  growing 
wild  on  the  plateaux  of  Mexico  and  Central  America  thousands  of  years 
ago.  It  was  originally,  no  doubt,  a  tropical  or  subtropical  plant,  but  the 
Indians,  though  unconscious  of  the  trend  of  their  attempts  to  extend 
corn  growing,  nevertheless  succeeded  in  evolving  varieties  which  would 
ripen  as  far  north  as  Canada.  The  desire  to  produce  corn  crops  was 
probably  the  incentive  which  led  the  Indians  to  abandon  nomadic  life  and 
to  form  settlements.  After  the  discovery  of  America  the  use  of  corn  and 
its  cultivation  spread  rapidly  to  other  countries,  and  it  is  now  very  exten- 
sively cultivated  in  all  regions  of  the  earth  where  it  will  grow. 

So  generally  has  it  come  into  use  that  it  now  ranks  with  wheat,  rice, 
rye,  barley  and  oats  as  one  of  the  food  grains  of  the  world,  and  it  may  be 
called  the  American  Indians'  gift  to  modern  civilization. 

Parts  of  the  Corn  Grain. — The  grains  of  corn  grow  in  double  rows 
along  a  woody  cob,  from  which  they  are  easily  shelled  when  ripe  and 
dry.  The  seed  or  grains  are  not  inert  but  living  things,  which  under 
favorable  circumstances  will  produce  a  new  plant.  Koughly  speaking,  the 
seed  consists  of  three  main  divisions :  the  shin,  the  germ  and  the  endo- 
sperm. The  outer  skin  composes  about  six  per  cent  of  the  entire  weight 
of  the  grain  and  serves  as  a  protection  to  the  delicate  interior  parts.  It 
is  made  up  principally  of  a  tough  cellulose  or  crude  fiber,  containing  some 
mineral  matters  embedded  in  it.  The  germ  in  corn  is  larger  than  in 
most  cereals  and  forms,  in  average  corn,  about  ten  per  cent  by  weight  of 
the  grain. 

The  germ  contains  the  embryo,  from  which  a  new  plant  will  develop 
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under  favorable  circumstances.  The  endosperm  constitutes  about  84  per 
cent  by  weight  of  the  grain  and  represents  the  food  which  the  parent 
plant  has  stored  for  the  early  growth  of  its  offspring.  It  has  been  deter- 
mined by  analyses  that  51  per  cent  of  the  eelluh)se  of  the  grain  is  formed 
in  the  skin  or  husk;  65  per  cent  of  tlie  fat  and  about  10  per  cent  of  the 
protein  are  found  in  the  germ ;  90  per  cent  of  the  starch  and  84  per  cent 
of  the  protein  in  the  endosperm. 


Fig.  31. — Diagrammatic  Section  of  a  Grain  of  Corn.  A. —  (a)  skin  and  testa,  (b) 
membrane,   (e)   embryo,    (d)  endosperm,    (f)    scutellum. 

B. — Cellular  structure  of  the  grain;  (a)  skin  and  testa,  (b)  membrane,  (d)  endo- 
sperm,  (e)   starch  cells.     (Bull.  No.  295,  U.  S.  Dept.  Agric.) 

On  the  basis  of  numerous  studies  it  can  be  stated  that  the  different 
varieties  of  corn  differ  little  among  themselves  in  nutritive  value,  and 
that  when  matured  and  ripened  the  corn  crops  of  various  parts  of  the 
world  are  practically  identical  in  composition.  The  fuel  value,  or,  as  it 
is  often  called,  the  energy  value,  is  1,795  calories  per  pound.  This  cereal 
is  used  to  a  large  extent  as  a  food  for  both  man  and  animals  in  various 
parts  of  the  world.  As  stated  above,  corn  contains  proteins  which  main- 
tain weight  and  promote  growth  and  development.  The  growth  of  ani- 
mals fed  on  corn  progTCSses  normally,  and  it  appears  that  the  effective 
protein  is  maize  glutelin.  Osborne  and  !Mendel  carried  out  a  series  of 
feeding  experiments  and  found  that  animals  fed  on  zein,  the  chief  protein 
of  corn,  did  not  thrive ;  animals  fed  on  maize  glutelin,  however,  did  well. 
Casimir  Funk  (14)  has  come  to  the  conclusion  that  the  pericarp  or  outer 
layers  of  the  grain  of  corn  contain  vitamines. 
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Corn  Milling. — The  method  of  grinding  corn  meal  varies  in  differ- 
ent countries.  The  primitive  methods  of  gTinding  corn  on  revolving  mill- 
stones retain  in  the  meal  the  principal  part  of  the  salts,  protein,  fat  and 
lipoids;  this  so-called  water-ground  corn  meal  was  a  very  nutritious, 
wholesome  product,  but  the  modern  methods  of  milling  corn  deprive  the 
meal  of  much  of  its  salts,  a  considerable  proportion  of  its  protein  and  a 
large  part  of  its  fat  and  lipoids.  The  ancient  method  of  milling  corn 
between  revolving  stones  is  still  prevalent  in  this  country  and  more 
particularly  in  the  South.  Meal  so  prepared  makes  the  most  palatable 
bread.  Such  meal  having  only  the  coarse  bran  removed  has  nearly  the 
same  composition  as  the  entire  grain. 

Water-ground  corn  meal  has  the  disadvantage  of  being  hydroscopic, 
and  its  higher  fat  content  makes  it  apt  to  become  musty,  especially  in  the 
summer  months.  This  makes  no  difference  in  the  South,  where  mills  are 
convenient  and  where  one  can  have  fresh  water-ground  corn  meal  with- 
out trouble.  The  tendency  to  become  musty  is  remedied  by  the  modern 
milling  methods,  which  substitute  steel  rollers  for  stones.  The  rollers 
flatten  the  germ  without  breaking  it,  thus  making  it  possible  to  remove 
it  in  its  entirety.  The  fat  in  the  germ,  when  separated,  is  called  corn 
oil,  and  is  used  in  many  ways  in  the  arts  and  for  culinary  purposes.  It 
is  also  likely  to  become  rancid.  The  removal  of  the  germ  and  the  kiln- 
drying  of  the  meal  lessen  the  probability  of  the  meal  becoming  musty 
and  at  the  same  time,  on  account  of  the  removal  of  the  germ,  reduce  ma- 
terially the  percentages  of  fat,  cellulose,  mineral  matter  and  protein. 
The  water-ground  corn  meal  then  contains  a  larger  percentage  of  vitam- 
ines  than  corn  meal  made  according  to  the  new  process. 

Analyses  of  Corn. — Below  is  a  table  giving  the  comparative  cost  of 
nutrients  and  the  fuel  value  from  the  principal  cereal  grains : 

COMPARATIVE  COST  OF  NUTRIENTS  AND  ENERGY  IN  THE 
GRAINS  AND  FLOURS 


Food 

Price 
per  pound 

Cost  of 
1  pound 
Protein 

Cost  of 

1,000 

Units  of 

Energy 

Energy 
Units  for 
10  cents 

Wheat  Flour 

Cents 
3 

4 
8 
6 
5 

Dollars 
.31 
.32 
.29 
1.18 
.77 
64 

Cents 
2 
2 
2 
5 
5 
4 

Calories 
5,440 
5,540 
4,500 
2,025 
2,000 
2,400 

Com  Meal 

Oatmeal 

Rice 

Wheat  Bread 

Rye  Bread 
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From  the  preceding  table  the  relative  economy  of  com  meal  is  apparent. 
1'lie  smaller  cost  of  rye  among  the  breads  is  also  noticeable.  However, 
the  relative  differences  are  not  great  and  appetite  may  well  be  consulted 
in  choosinu:  between  them. 

A  further  analysis  of  corn,  taken  from  Farmers*  Bulletin  298,  United 
States  Department  of  Agriculture,  shows  the  average  composition  of  corn 
and  corn  products: 

AVERAGE  COMPOSITION  OF  CORN  AND  CORN  PRODUCTS 


Kind  of  Material 


Pro- 

Water 

tein 

Fat 

% 

% 

% 

10.8 

10.0 

4.3 

10.5 

6.0 

3.8 

10.5 

12.9 

4.4 

11.4 

10.8 

5.0 

11.9 

10.7 

4.8 

8.8 

11.6 

8.1 

10.7 

11.2 

5.2 

11.0 

9.4 

.7 

10.8 

8.3 

.5 

12.0 

8.7 

4.7 

12.0 

8.9 

4.9 

12.5 

9.2 

1.9 

12.6 

7.1 

1.3 

16.6 

.... 

100.0 

Carbohydrates 


Starch, 

Sugar, 

etc. 


Crude 
Fiber 


Min- 
eral 
Mat- 
ters 


Fuel 
Value 

per 
pound 


Com,  whole  grain,  average 

Com  with  low  protein  content . 
Corn  with  high  protein  content. 

Corn,  white 

Corn,  yellow 

Sweet  Corn  (matured) 

Pop  Com 

Hominy,  fine 

Samp,  coarse 

Corn  Meal  (whole  grain  ground), 

unbolted 

Corn  Meal  (whole  grain  ground) 

bolted 

Com  Meal,  granulated 

Corn  Flour,  i.e.,  finely  ground 

and  bolted  corn 

Corn  Starch 

Liquid  Glucose  (for  table  use) 
Com  Oil 


% 
71.7 


% 
1.7 


78.5 
70.8 


68.8 
68.9 
66.8 
69.6 
78.2 
79.4 

71.1 

72.0 
74.4 

77.5 
90.0 
83.5 


2.2 

1.2 
1.0 


% 
1.5 
1.2 
1.4 


1.3 

1.0 
1.0 

.6 

.5 


Cal. 

1,795 

1,685 

1,695 

1,690 

1,690 

1,750 

1,710 

1,810 

1,770 

1,850 

1,765 
1,770 

1,645 
1,675 
1,120 
4,040 


Fuel  Value  of  Corn. — Chemical  analysis  shows  that  corn  is  high 
in  fuel  value,  somewhat  deficient  in  protein  and  mineral  matter,  slightly 
below  the  average  for  the  cereal  group.  Its  energy  or  fuel  value,  how- 
ever, is  highest  of  all  the  cereals  in  the  list,  being  approximately  1,800 
calories  per  pound,  or  about  100  calories  above  the  average.  Its  high 
caloric  value  is  due  in  part  to  the  percentage  of  fat,  which  is  4.3  per  cent, 
while  the  average  of  other  cereals  is  2.5  per  cent. 
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ISToRMAL  Crop. — It  is  estimated  by  the  Department  of  Agriculture 
that  the  normal  crop  of  corn  exceeds  3,000,000,000  bushels.  There  are 
regions  in  the  South  and  West  in  which  corn  is  not  only  the  principal 
cereal  product  but  also  the  most  important  of  all  articles  of  diet.  In  cer- 
tain sections  of  this  territory,  wheat  flour  is  of  secondary  importance  and 
in  some  places  is  used  but  little. 

In  many  Southern  families,  even  in  the  cities,  corn  meal  in  some  form 
is  eaten  three  times  a  day  and  in  most  families  at  least  once  a  day.  These 
facts  have  been  given  some  significance  in  recent  years  by  those  who  re- 
gard corn  as  an  etiological  factor  in  the  production  of  pellagra  (15). 

Corn  Meal. — Corn  meal  is  the  chief  product  manufactured  from 
maize.  In  the  early  days  the  methods  were  crude.  The  Indians  ground 
corn  between  two  flat  stones  or  pounded  it  to  a  powder  and  removed  the 
bran  by  winnowing  in  sieves  and  similar  devices.  The  old  process  meal 
was  ground  on  buhr  millstones.  The  new  process  uneal  is  produced  by 
improved  machinery,  and  the  character  of  the  meal  is  influenced  by  the 
amount  of  the  different  elements  of  the  grain  retained  in  the  finished 
meal.  The  difference  in  chemical  variation  between  whole  corn  (unbolted) 
meal  old  process  and  corn  meal  bolted  new  process  is  the  loss  in  the  latter 
of  about  one-eighth  of  the  grain.  This  loss  consists  chiefly  of  the  cellulose 
of  the  skin.  The  removal  of  this  material  increases  the  proportion  of  the 
other  materials  present,  leaving  the  neiv  process  meal  richer  in  nutrients 
other  than  crude  fiber  than  unbolted  meal. 

Spoiling  of  Corn  Products. — The  spoiling  of  corn  products  is 
most  common  at  the  season  when  the  whole  kernel  is  ready  to  germinate 
and  the  germ  tissue  is  active.  This  occurs  in  the  spring,  during  the 
germinating  season,  as  a  result  of  moisture  and  high  temperature.  A  con- 
trol of  these  factors  offers  the  hope  of  checking  spoiling.  Meal,  to  be 
kept  through  the  germinating  season,  should  be  kept  in  cold  storage. 
Water-ground  corn  meal  is  likely  to  spoil,  even  during  the  winter  months, 
if  it  contains  an  excess  of  moisture  or  is  stored  in  a  warm  place.  This 
is  one  feature  in  the  manufacture  of  corn  meal  which  increases  the  pos- 
sibility of  spoiling(16). 

It  has  long  been  understood  by  the  miller  that  the  presence  of  the 
germ  in  meal  increased  the  tendency  to  spoil.  Grits  keep  better  than 
meal  from  whole  corn.  Recent  examinations  made  by  the  Bureau  of 
Chemistry  of  the  United  States  Department  of  Agriculture  show  that, 
in  comparison  with  whole-kernel  meal  prepared  from  corn,  degerminated 
bolted  meal,  both  dried  and  undried,  has  better  keeping  qualities.     Meal 
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ground  from  whole  grain,  even  when  thoroughly  kiln-dried,  is  likely  to 
develop  acidity  in  so  short  a  time  as  to  demand  immediate  consumption. 
Meal  of  this  type  is  of  greater  nutritive  value,  is  more  oily  in  flavor  and 
moro  palatable.  It  should  be  milled  locally  and  in  small  quantities  and 
consumed  at  once. 

White  and  Yellow  Corn  Meal. — A  study  of  the  table  given  on 
page  395  shows  that  there  is  no  appreciable  difference  in  the  composition 
of  white  and  yellow  corn  meal  so  far  as  the  nutritive  value  is  concerned. 
The  ''nutty"  flavor  of  the  white  and  the  peculiar  flavor  of  the  yellow 
meal  are  due  to  the  presence  of  certain  volatile  bodies  retained  in  the  fat. 
Hominy,  samp  and  granulated  corn  meals  resemble  each  other  in  compo- 
sition. Such  differences  as  those  indicated  in  the  table  are  no  greater 
than  might  be  expected  iu  a  number  of  individual  samples  of  either  food 
material. 

Corn  Breads  and  Puddings. — Since  corn  does  not  contain  a  true 
gluten  like  wheat,  it  cannot  be  used  for  baking  ordinary  bread  with  yeast, 
as  the  protein  of  corn  is  lacking  in  the  quality  of  tenacity.  Corn  breads, 
therefore,  though  of  great  variety,  fall  into  three  classes :  Those  "raised" 
by  air  beaten  into  them,  those  "raised"  by  baking  powder,  and  those 
"raised"  by  soda  and  sour  buttermilk.  The  granular  character  of  the 
meal  favors  the  making  of  the  first  class;  the  second  class  is  made  light 
by  the  carbon  dioxid  of  the  baking  powder  or  through  the  action  of  sour 
milk  or  soda.  The  simpler  breads,  like  ash  cahe,  hoe  cake,  johnny  cake, 
com  dodgers,  com  pone,  crackling  com  bread,  are  very  old  types,  resem- 
bling the  bread  of  the  primitive  peoples. 

Some  of  the  modern  methods  of  preparing  com  meal  have  resulted  in 
a  variety  of  foods  which  are  both  palatable  and  nutritious,  viz. :  corn 
meal  muffins,  corn  meal  rolls,  soft  corn  bread,  spoon  corn  bread  and  many 
others. 

Corn  meal  mush,  or  hasty  pudding,  is  prepared  as  follows:  Place 
three  and  one-half  times  as  much  water  as  meal  into  a  double  lx)iler  and 
bring  slowly  to  the  boiling  point,  constantly  stirring  the  mixture.  Boil 
for  three  or  four  hours.  When  served  hot  with  cream  and  milk  it  makes 
a  nutritive  diet.  It  is  often  eaten  with  syrup,  molasses,  honey  and 
butter. 

Little  is  known  regarding  the  change  which  takes  place  in  the  protein 
and  fat  content  of  corn  meal  during  cooking,  but  they  are  doubtless  much 
the  same  as  with  other  cereal  foods.  The  protein  is  coagulated  by  heat 
and  the  fat  broken  down  to  some  extent  into  simpler  bodies. 
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The  composition  of  corn  breads,  Indian  pudding  or  "mush"  and  other 
cooked  corn  products  has  been  worked  out  by  Woods (17)  as  follows: 

COMPOSITION  OF  COOKED  CORN  PREPARATIONS,  CORN  MEAL, 
AND  WHEAT  BREAD 


Kind  of  Material  ' 


Hominy,  boiled 

Hoe  Cake 

Johnny  Cake 

Indian  Pudding 

Parched  Com 

Pop  Corn 

Hulled  Corp 

Granulated  Corn  Meal 
Wheat  Bread 


Pro- 

Water 

tein 

Fat 

% 

% 

% 

79.3 

2.2 

0.2 

52.8 

4.0 

.6 

29.4 

7.8 

2.2 

60.7 

5.5 

4.8 

5.2 

11.5 

8.4 

4.3 

10.7 

5.0 

74.1 

2.3 

.9 

12.5 

9.2 

1.9 

35.3 

9.2 

1.3 

Carbohydrates 

Min- 
eral 

Starch, 

Mat- 

Sugar, 
etc. 

Crude 
Fiber 

ters 

% 

% 

% 

17.8 

0.5 

40.0        0.2 

2.4 

57.5           .2 

2.9 

27.5 

1.5 

72.3 

2.6 

77.3     1    1.4 

1.3 

22.2 

.5 

74.4 

1.0 

1.0 

52.6 

.5 

1.1 

Fuel 

Value 

per 

pound 


Cal. 

380 

885 
1,385 

815 
1,915 
1,880 

490 
1,655 
1,205 


Green  Corn. — Green  corn  furnishes  an  excellent  food  product  in  the 
milky  stage  and  during  the  growing  season.  During  this  time  the  ker- 
nels are  sweet  and  tender  and  possess  a  pleasing  flavor.  Green  corn  is 
gathered  from  the  fields  and  gardens  in  July,  August  and  September.  In 
chemical  composition  and  in  fuel  value  it  compares  favorably  v^th  the 
potato  as  a  food,  having  73  per  cent  water,  to  75  per  cent  in  the  potato. 
Sweet  corn  contains  13.5  per  cent  starch,  6  per  cent  sugar  and  5  per 
cent  protein.  Green  corn  may  be  prepared  by  boiling  ^^on  the  cob,''  or 
it  may  be  cut  from  the  cob  and  boiled  in  milk,  mixed  with  snap  beans  or 
tomatoes,  or  boiled  with  lima  beans,  making  the  well-known  dish  succotash. 
The  green  ears  in  their  shucks  as  they  come  from  the  stalk  may  be  roasted 
in  the  fire.     These  are  called  "roasting  ears,"  and  are  delicious. 

OATS.— Oats  were  defined  by  the  lexicographer  Johnson  as  "food  for 
horses  in  England  and  men  in  Scotland."  A  canny  Scotchman,  reading 
the  definition,  remarked:  "Hoot,  mon!  there  are  no  such  horses  as  they 
have  in  England  nor  such  brawny  men  as  in  old  Scotland." 

In  the  ordinary  process  of  harvesting  and  threshing  oats  the  outer 
husk  or  hull  is  not  removed,  and  so  oats,  unlike  other  cereals,  comes  to 
the  market  with  the  chaff  still  attached. 
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Composition  of  Oats. — The  composition  of  oats  according  to  the 
analysis  of  one  thonsand  samples  by  Ballard  (from  Tibbies)  and  of  oat- 
meal by  Dyer,  same  source,  shows  the  following  percentage  of  the  various 
elements  entering  into  its  composition ; 

COMPOSITION  OF  OATS  AND  OAT  PRODUCTS 


Oats 

Oatmeal,  fine.. . 
Oatmeal,  coarse 
Crushed  Oats . . 


Water 


9.8  to  17 
8.2  to  9.5 

7.9  to  9.1 
8.1  to  8.9 


Fat 


2.8  to  6.83 
8.0  to  12.33 
8.7  to  10.32 
7.5  to     9.3 


Nitrog- 
enous 
Matters 


7.1  to  14.3 
12.9  to  18.1 
13.0  to  15.4 
12.6  to  15.1 


Carbo- 
hydrates 


55.69to64.3 
54.0  to65.6 
64.5  to65.2 
65.2  to67.0 


Cellulose 


7.0  to  12.2 


Ash 


1.5  to  3.9 
1.7  to  4.0 
1.7  to  1.9 

1.6  to  1.9 


From  a  study  of  this  table  it  will  be  noted  that  oats  contain  more  fat 
than  wheat  or  barley,  and  that  the  protein  content  is  high.  The  starch 
grains  are  small,  compressed,  faceted  and  tend  to  adhere  in  masses.  The 
value  of  oatmeal  as  an  energy  provider,  according  to  Parkes,  may  be 
understood  by  considering  the  energy  in  foot  tons  of  work  developed  by 
the  complete  oxidation  of  an  ounce  of  the  following  foods; 

Potato 33  foot  tons  per  ounce 

Eggs   68  "  "  "        " 

Bread    88  "  "  " 

Cooked  Meat   106  "  "  "        " 

Pea  Flour  119  "  "  " 

Oatmeal    130  "  "  " 

Cheese    150  "  "  "        " 

Butter    339  "  "  "        " 


Oatmeal. — Oatmeal,  like  other  cereals,  contains  valuable  cereal  salts. 
The  proportion  of  these  ingredients,  according  to  Blythe's  analysis,  is  as 
follows:  In  one  hundred  parts  of  salts  potassium  constitutes  17  per 
cent;  sodium,  2.24  per  cent;  calcium,  2.74  per  cent;  magnesium,  7.6  per 
cent;  ferric  oxid,  0.67  per  cent;  phosphoric  acid,  23.03  per  cent;  sul- 
phuric acid,  1.36  per  cent;  silica,  44.73  per  cent,  and  chlorin,  0.58  per 
cent.  Of  all  grains  oats  are  the  richest  in  phosphates,  giving  them  addi- 
tional value  as  a  food  in  cases  where  phosphates  are  indicated,  as  in 
struma,  tuberculosis  and  rickets.     It  is  one  of  the  most  valuable  foods  we 
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possess  and  ranks  very  high  both  as  a  flesh  former  and  energy  producer. 
At  the  same  time  it  is  one  of  the  most  economical  of  foods. 

Oatmeal  is  rich  in  heating  and  fattening  principles.  With  milk, 
cream  or  butter  it  forms  an  ideal  porridge.  Its  stimulating  properties 
render  it  a  highly  useful  nutriment  for  persons  engaged  in  mental  work. 

In  order  to  be  digested  with  ease,  oatmeal  should  be  thoroughly 
cooked,  longer  than  the  thirty  or  forty  minutes  usually  suggested.  Ex- 
periments (made  at  the  Minn.  Exper.  Station,  Bull.  ]^o.  74,  U.  S.  Dep. 
Agric.)  show  that  when  oatmeal  is  cooked  for  four  hours  or  longer  the 
diastase  ferment  acts  on  it  more  readily  and  as  a  result  it  is  more  easily 
digested  than  when  cooked  for  one-half  an  hour.  Since  there  is  no  gluten 
in  oatmeal,  ordinary  bread  cannot  be  made  from  it.  The  Scotch  people 
make  bread  from  oatmeal  by  the  aid  of  fermentation.  This  produces  a 
bread  soft  in  texture  and  wholesome.  Scotch  cakes  are  made  unfermented 
and  are  either  baked  or  roasted  flat.  They  are  hard  to  digest.  Oatmeal 
is  one  of  the  few  vegetable  foods  which  contains  appreciable  quantities  of 
uric  acid  formers  (purin  bodies).  Therefore,  it  will  be  well  to  forbid 
its  use  in  cases  of  gout. 

RYE.— Rye  is  extensively  used  for  breadmaking  in  many  European 
countries,  especially  France,  Germany  and  Russia.  It  is  not  a  very  an- 
cient cereal  and  was  unknown  before  the  Christian  era.  Rye  is  grown 
in  the  United  States  and  is  used  mainly  as  a  food  for  stock  and  for 
making  whiskey.  The  rye  grain  has  a  structure  similar  to  that  of  wheat. 
It  is  clean  and  free  from  husks  when  threshed. 

Component  Elements  of  Rye. — In  composition  it  has  the  following 
percentages  of  its  component  elements,  viz. :  water,  8.7  per  cent ;  protein, 
11.30  per  cent;  fat,  1.90  per  cent;  carbohydrates,  74.50  per  cent;  cellu- 
lose, 1.50  per  cent,  and  ash,  2.10  per  cent.  The  starch  is  similar  to  that 
of  wheat  flour.  The  grain  is  only  slightly  larger  than  wheat.  The  pro- 
teins average  about  11  per  cent  of  the  weight  of  the  flour.  Rye  bread  is 
usually  made  from  a  straight  grade  of  flour,  although  white,  intermediate 
and  dark  flours  are  manufactured.  It  is  estimated  that  20  per  cent  of  the 
protein  in  rye  bread  escapes  digestion.  Rye  bread  somewhat  resembles 
whole  wheat  bread  in  color  and  texture,  but  is  less  nourishing.  In  Ger- 
many the  black  bread  made  from  rye  and  known  as  pumpernickel  is  the 
common  food  for  the  working  people.  This  is  a  sour  dough  bread  in 
which  fermentation  is  started  with  a  piece  of  dough  left  over  from  a  pre- 
vious batch.  It  is  not  a  very  nourishing  food  as  far  as  protein  digesti- 
bility is  concerned.  Sometimes  the  loss  of  protein  during  digestion  is  as 
much  as  42  per  cent  as  compared  with  20  per  cent  loss  in  the  case  of 


VARIETIES    OF    VEGETABLE    FOODS  401 

wliite  wheat  bread.  The  malted  and  fenneiited  rye  is  a  common  source 
for  the  manufacture  of  alcoholic  liquors,  more  especially  in  the  manufac- 
ture of  rye  whiskey.  In  Kussia  the  national  drink,  vodka,  is  made  from 
rye. 

BARLEV.— -Barley  is  one  of  the  most  ancient  of  cultivated  plants  and 
is  chieliy  characterized  by  its  richness  in  mineral  matter.  It  contains 
more  fat  than  wheat,  but  is  poorer  in  protein.  The  percentage  of  starch 
varies  in  different  samples  from  3U  per  cent  to  .57  per  cent. 

Composition  of  Barley. — According  to  Wynter  and  Blyth  its  com- 
position is  as  follow^s:  water,  15. OG  per  cent;  protein,  11.75  per  cent; 
fat,  1.71  per  cent;  carbohydrate,  70.9  per  cent;  fiber,  0.11  per  cent,  and 
ash,  0.47  per  cent.  The  principal  cereal  salts  in  barley  are  the  phosphates 
of  potassium,  iron  and  silicon.  The  character  of  barley  starch  is  almost 
identical  with  that  of  wheat.  Barley  meal  was  formerly  (1626)  exten- 
sively used  for  making  bread  by  the  peasants  or  serfs  of  England.  In 
early  times  a  fairly  good  bread  was  produced  by  the  addition  of  a  small 
amount  of  wheat  flour.  This  was  a  common  foodstuff  of  the  peasantry 
down  to  the  reign  of  Charles  I.  It  was  also  the  principal  bread  food 
among  the  poor  population  of  the  mountainous  districts  of  Sweden, 
Switzerland  and  Scotland.  Since  barley  contains  no  gluten  it  does  not 
make  good  bread.  Barley  meal  makes  an  excellent  demulcent  drink  for 
invalids  and  children.  As  a  dietetic  article  in  the  sick  room,  barley  finds 
its  chief  use  as  barley  water,  a  product  which  contains  but  little  nutri- 
ment as  shown  by  the  following  analysis  by  Wynter  and  Blyth : 

Water   99.27  per  cent      Starch 0.39  per  cent 

Fat  0.22        "  Sugar 0.05        " 

Protein    0.03        "  Mineral  matter 0.03        " 

Pearl  Barley. — Pearl  barley  is  the  whole  grain  polished  by  attri- 
tion after  removal  of  the  husk.  IluUed  harley  looks  not  unlike  rice,  and 
may  be  used  in  a  similar  way,  though  in  this  shape  its  most  general  use 
is  as  an  adjunct  to  soups. 

MILLET.— Millet  is  the  smallest  of  the  cereal  grains.  It  is  not  used  as 
a  cereal  food  for  man  in  the  United  States,  although  it  is  produced  as  a 
food  for  stock.  It  is  grown  extensively  in  Africa,  India,  China,  Japan 
and  Korea,  where  it  is  made  into  bread.  The  millets  are  an  important 
source  of  food  for  man.  It  is  estimated  that  this  cereal  is  a  source  of 
food  for  one-third  the  inhabitants  of  the  earth.      It  is  the  commonest 
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grain  food  of  Africa,  where  it  is  the  staple  diet  of  the  negroes  of  the 
upper  Nile. 

Varieties  of  Millet. — There  are  several  varieties  of  the  grain.  Its 
cultivation  is  prehistoric;  the  evidences  of  its  existence  have  been  found 
in  lake  dwellings  of  the  Stone  Age.  There  is  evidence  that  it  formed  one 
of  the  chief  foods  in  China  2700  b.  c.  Some  of  the  varieties  were  grown 
4,000  years  ago  by  the  Greeks  and  Eomans.  The  principal  varieties  are : 
(a)  foxtail  millet,  (h)  barnyard  millet,  (c)  broom  corn  millet,  (d)  Indian 
millet,  (e)  sweet  sorghum  millet.  Many  other  varieties  are  grown  in  Asia 
and  Africa. 

Composition  of  Millet. — An  analysis  of  millet  by  Professor  Church 
shows  the  foHowing: 

Water   12.2  per  cent      Carbohydrate 70.5  per  cent 

Protein    8.2         "  Cellulose   3.1         " 

Fat 4.2        "  Mineral  matter 1.7        " 

The  starch  is  similar  to  that  of  wheat,  but  the  protein  content  does  not 
include  the  whole  nitrogen  content  of  the  grain.  Millet  bread  is  not  so 
good  as  wheaten  bread,  but  is  very  nutritious.  Its  flour  makes  excellent 
puddings  and  is  largely  used  in  combination  with  milk  in  countries  where 
it  is  extensively  cultivated.  As  a  source  of  nitrogen  it  occupies  a  place 
second  to  wheat  and  rice. 

pROSO  Millet. — Proso  millet  is  a  hardy  cereal  grain  milled  like  the 
other  cereals.  The  peculiar  agricultural  advantage  of  this  cereal  is  that 
it  is  drouth  resistant.  Proso  will  grow  where  the  staple  small  grains  which 
require  a  moist  soil  fail.  The  seed  of  proso  millet,  although  practically 
unknown  in  America  as  a  food  for  human  consumption,  is  a  familiar  arti- 
cle of  diet  in  Russia  and  India.  It  is  said  that  during  the  Russian  famine 
of  1890  proso  millet  bread  was  for  a  long  time  the  only  food  remaining 
between  the  peasantry  a,nd  starvation.  The  grain  can  be  milled  and 
cooked  in  the  same  way  as  are  other  cereals.  The  composition  of  hulled 
proso  is  much  like  that  of  patent  flour,  being  even  richer  in  protein.  The 
grain  can  be  used  whole,  ground  like  corn  meal  and  thus  made  into  pal- 
atable dishes  or  used  as  flour.  The  lack  of  gluten  makes  it  necessary  to 
combine  proso  with  wheat  flour  if  it  is  to  be  converted  into  a  good  bread. 

A  public  test  of  proso  as  a  table  cereal  was  oflicially  made  by  Nan- 
sen  (18)  at  the  South  Dakota  State  College  of  Agriculture  early  in  1915, 
so  that  it  has  already  had  an  official  introduction.  From  the  standpoint 
of  practical  agriculture  proso  deserves  consideration  because,  like  kafir 
com,  it  represents  a  crop  which  can  be  produced  in  a  dry  season  or  in  arid 
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regions  where  the  attempt  to  raise  the  more  popular  cereals  is  often  dis- 
couraging. 

KAOLINCJ.— Kaoling  is  a  droutli-reHiHtant  grain  of  the  sorghum  family, 
long  used  in  Africa,  India  and  Asia (10)  as  a  foodstuff.  Kaoling  can 
be  grown  in  any  climate  where  Indian  corn  is  indigenous,  and  can  by  care- 
ful selection  be  extended  as  far  north  as  Canada  on  this  continent.  Speci- 
mens of  hardy  kaoling  from  (liina  reached  America  as  early  as  1800, 
but  were  discarded  because  they  seemed  of  no  value  for  sugar  making. 
This  was  the  sole  use  to  which  the  sorghum  plant  was  put  at  that  time. 
Sorghum  seed  can  be  milled;  when  mixed  with  gluten-yielding  flours 
kaoling  contributes  to  the  production  of  palatable  baked  products  as  does 
kafir  flour,  lately  exploited  as  a  human  food(20).  The  proso  and  kaoling 
flours  are  the  newest  cereal  flours  for  bread  making  in  this  country.  Even 
cottonseed  flour  has  been  used  in  an  attempt  to  make  bread.  \Vlien  glu- 
tinous adjuvants  are  supplied  to  cereals  poor  in  them,  and  when  science 
becomes  engaged  in  the  art  of  bread  making,  new  bakery  products  are 
likely  to  arise. 

QUINOA.— Quinoa  (hi-no-a)  or  "petty  rice"  is  the  seed  of  cTienopodhim 
quinoa.  There  are  two  varieties :  one  colored,  with  a  green  leaf,  the  other 
with  green  leaves  and  white  grain.  Both  are  of  American  origin  and  are 
very  ancient.  These  seeds  form  one  of  the  staple  foods  of  New  Granada, 
the  table  lands  of  Mexico,  Chili  and  Peru,  where  its  cultivation  was  car- 
ried on  for  many  centuries  before  the  Spanish  conquest.  The  plant  is  an 
annual  herb  which  grows  from  four  to  six  feet  in  height.  It  will  flourish 
on  an  elevation  13,000  feet  above  the  sea  level.  The  white  grain  quinoa 
is  the  most  farinaceous.  The  grains  are  eaten  in  soup  and  the  flour  is 
made  into  unleavened  cakes. 

Composition  of  Quinoa. — The  starch  granules  are  the  smallest  of 
any  known  cereal.  The  protein  percentage  is  high,  with  a  moderate 
amount  of  fat.  The  ash  is  said  to  contain  more  iron  than  any  other  vege- 
table. The  leaves  of  the  green  plant  are  eaten  as  spinach.  Voelcker  gives 
the  following  composition  of  quinoa : 

COMPOSITION   OF   QUINOA,   NUTRIENTS,   PER    CENT 

Dry  Seeds  Flour 

Nitrogenous  matters 22.86  19 

Starch    58.60  60 

Fat    5.74  5 

Celhilose   9.74 

Water    16 
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BUCKWHEAT.— Buckwheat  is  a  native  grain  of  Manchuria  and  Cen- 
tral Siberia.  Its  cultivation  is  not  ancient,  for  the  Chinese  author  who 
first  mentioned  it  lived  in  the  tenth  century  of  the  Christian  era.  It  was 
certainly  unknown  to  the  ancient  Greeks  and  Romans,  ^ot  until  the 
middle  ages  was  it  grown  in  Europe  and  Russia.  Buckwheat  is  now  cul- 
tivated extensively  in  the  New  England  States,  New  York,  Pennsylvania 
and  in  New  Brunswick.  The  buckwheat  grain  is  a  brown-colored,  three- 
sided  seed.  The  flour  is  dark  in  color  and  is  made  by  grinding  the  grain 
between  stones  and  separating  the  principal  part  of  the  hulls  by  bolting. 
A  finer  grade  of  flour  may  be  produced  by  the  use  of  more  elaborate  ma- 
chinery. Flour  made  in  the  old-fashioned  way  is  not  so  white,  but  is  more 
nutritious  and  palatable  than  the  new  product. 

Use  of  Buckwheat  Flour. — Buckwheat  flour  is  used,  especially  in 
Holland  and  the  United  States,  for  pan  cakes  and  griddle  cakes.  The 
batter  is  raised  with  yeast,  for  the  flour  contains  enough  of  a  glutinous 
substance  to  entrap  the  bubbles  of  gas,  and  is  usually  allowed  to  stand 
over  night.  The  ^'leaven''  left  over  from  one  batch  will  be  quite  sufficient 
to  start  the  next.  Buckwheat  cakes  are  served  hot  and  eaten  with  syrup 
or  honey  and  butter. 

Composition  of  Buckw^heat  Flour. — Buckwheat  flour,  according 
to  Atwater,  has  the  following  composition:  water,  13.9  per  cent;  protein, 
6.4  per  cent;  fat,  1.2  per  cent;  carbohydrate,  77.00  per  cent,  and  mineral 
matter,  .60  per  cent.  This  analysis  shows  it  to  be  a  highly  nutritious 
food. 

CEREAL    BREAKFAST   FOODS 

Cereal  Breakfast  Foods. — During  the  past  twenty  years  the  ^^hurry  up'' 
American  breakfast  has  created  a  demand  for  a  concentrated  form  of 
nourishment  easily  prepared  or  ready  to  serve. 

IMPORTANCE  OF  CEREAL  BREAKFAST  FOODS.— The  cereal  breakfast 
foods  commonly  used  in  the  United  States  are  manufactured  principally 
from  wheat,  corn,  oats,  barley  and  rice,  with  occasional  additions  from 
other  sources.  In  other  parts  of  the  world  millet,  rye,  buckwheat,  kafir 
corn  and  other  cereals,  cooked  into  porridge,  are  extensively  used.  An 
idea  of  the  importance  of  cereal  breakfast  foods  may  be  obtained  from 
Bulletin  No.  13,  part  ix,  p.  1345,  United  States  Department  of  Agri- 
culture, Bureau  of  Chemistry.  Vegetable  foods,  including  flour,  bread 
and  other  cereal  foods,  furnish  55  per  cent  of  the  total  food;  39  per  cent 


VARIETIES    OF    VEGETABLE    FOODS  405 

of  the  protein ;  8  per  cent  of  the  fat  and  95  per  cent  of  the  total  carbo- 
hydrates of  the  American  diet.  The  percentage  amounts  which  cereal 
foods  aloiio  supplied  wen?  22  per  cent  of  tlie  total  food;  'M  per  cent  of  the 
protein;  7  per  cent  ol'  the  fat  and  55  per  cent  of  the  total  carbohydrates — 
that  is,  about  75  per  cent  of  the  vegetable  protein,  50  per  cent  of  the  car- 
bohydrates and  78  per  cent  of  the  vegetable  fat  was  supplied  by  cereals. 
Their  number  is  legion,  and  no  class  of  foodstuffs  has  been  more  exten- 
sively or  ingeniously  advertised  than  the  cereal  breakfast  foods.  The 
majority  of  these  fall  into  one  of  three  groups,  (a)  those  which  are  pre- 
pared by  simply  grinding  the  grain,  (h)  those  which  have  been  steamed 
or  otherwise  partially  cooked  and  then  ground  or  rolled,  and  (c)  those 
which  have  been  acted  upon  by  malt  which  induces  more  or  less  chemical 
change  in  the  starch  present. 

Uncooked  and  Partially  Cooked  Cereaxs. — The  use  of  cereals  as 
porridge  is  of  special  interest,  as  it  was  the  forerunner  of  cereal  break- 
fast foods  and  until  recently  cereals  intended  for  porridge  were  simply 
husked  and  more  or  less  crushed.  Such  products  required  long,  slow 
cooking.  The  earliest  of  the  cereal  breakfast  foods  which  came  into  gen- 
eral use  in  the  United  States  were  of  this  class.  Oats  coarsely  ground 
are  the  most  commonly  eaten.  Uncooked  wheat  does  not  seem  to  be  gen- 
erally used  for  preparing  a  breakfast  dish,  though  corn  meal  porridge 
and  hominy  have  long  been  and  still  are  popular.  The  old-fashioned 
hulled  corn,  sometimes  called  lye  hominy,  is  still  a  popular  dish  in  some 
sections  of  the  country.  It  is  prepared  by  steeping  the  grains  of  corn  in 
a  solution  of  lye  made  by  percolating  water  through  wood  ashes.  This 
loosens  the  skin  or  hull  of  the  grain.  When  these  drop  off,  the  skinned 
grains  are  soaked  in  fresh  water,  which  must  be  repeatedly  changed.  This 
process  produces  a  hominy  of  a  peculiarly  attractive  and  inviting  flavor. 

When  the  use  of  cereal  breakfast  foods  became  general  the  raw  prod- 
ucts were  largely  replaced  by  partially  cooked  cereals.  Of  these  the  so- 
called  raw  oats  and  wheat  are  typical  examples.  In  these  products  more 
or  less  of  the  cooking  is  done  at  the  factory.  They  are  alleged  to  surpass 
the  simpler  or  raw  products  in  food  value.  The  manufacture  of  malted 
and  otherwise  specially  prepared  cereal  foods  is  a  later  development. 
The  manufacturers  claim  that  they  are  an  improvement  over  the  so-called 
rolled  products. 

The  Health  Department  of  the  City  of  New  York  has  recently  issued 
a  bulletin  showing  the  cost  of  cereal  foods,  the  price  per  pound  and  cost 
of  1,000  calories,  which  is  included  herewith: 
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COST   OF   CEREALS 

Cost  of  1,000         Price  per 

Calories,  Pound, 

Cents  Cents 

Com  meal,  in  bulk 3.6  6 

Hominy,  in  bulk 3.6  6 

Broken  rice,  in  bulk 3.7  6 

Oatmeal,  in  bulk 3.8  7 

Samp,  in   bulk 4.2  7 

Quaker  Oats,  in  package 4.4  8 

Macaroni,    in    package 4.5  13 

Wheat  flour,  in  bulk 4.6  8 

Malt   breakfast  food,  in  package 4.8  14 

Pettijohn,  in  package 5.3  12 

Cream  of  wheat,  in  package 5.7  10 

Farina,  in  package 5.9  12 

Cracked  wheat,  in  bulk 5.9  10 

Pearl  barley,  in  package 6.0  10 

Barley  flour,  in  bulk 6.1  10 

Whole  rice,  in  bulk 6.1  10 

Wheatena,  in  package 8.1  14 

COST  OF  READY-TO-SERVE  CEREALS 

Cost  of  1,000  Price  per 

Calories,  Pound, 

Cents  Cents 

Shredded  Wheat   Biscuit 7.8  13 

Grape  Nuts     8.6  15 

Force     9.4  16 

Com  Flakes    11.7  20 

Puffed   Rice 23.5  52 

Manufacture  of  Eeady  to  Eat  Cereals. — The  "ready  to  eat" 
preparations  are  manufactured  in  many  ways.  Some  are  cooked  in  water 
and  then  dried  and  crushed;  some  are  made  of  a  mixture  of  different 
grains;  some  have  common  salt,  malt,  sugar,  molasses  or  other  carbo- 
hydrate material  added ;  some  products  have  a  flake-like  appearance,  while 
others  have  the  appearance  of  dried  crumbs.  The  shredded  preparations 
are  made  with  special  machinery  which  tears  the  steam-cooked  kernels 
into  shreds  and  deposits  them  in  layers  or  bundles.  Many  of  the  "ready 
to  eat"  breakfast  cereals  are  parched  or  toasted  before  packing.  This 
gives  them  a  darker  color  and  makes  them  crisp.  In  the  malted  or  pre- 
digested  preparations,  malt  or  some  similar  enzyme  is  added  during  the 
process  of  manufacture.  This  ferment  has  under  certain  conditions  a 
power  of  changing  starch  into  various  soluble  forms  such  as  dextrin  and 
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maltose.  How  inuch  of  the  starch  is  actually  changed  in  the  malted 
cereals,  and  whether  it  is  desirable  to  have  it  so  changed  outside  of  the 
body,  are  debatable  questions.  Some  of  the  cereal  foods  are  prepared  by 
being  subjected  to  dry  heat.  This  is  the  case  with  puffed  wheat,  rice  and 
other  products  of  this  class.  Briefly  speaking,  the  breakfast  cereal  f(X)ds 
contain  about  the  same  amount  of  nutriment  as  the  cereals  from  which 
they  are  made. 

The  following  table  (taken  from  Farmers'  Bulletin  No.  219,  Depart- 
ment of  Agriculture)  shows  the  average  composition  of  the  various  sorts 
of  cereal  breakfast  foods: 

TOTAL  NUTRIENTS  AND  FUEL  VALUE  OF  CEREAL  BREAKFAST  FOOD 


Kind  of  Food 


Water 

Protein 

Fat 

% 

% 

% 

11.0 

11.8 

5.0 

7.3 

16.1 

7.2 

8.2 

16.1 

7.4 

7.9 

16.2 

5.2 

10.5 

11.9 

2.1 

10.1 

11.1 

1.7 

10.6 

10.2 

1.8 

9.4 

12.2 

1.4 

9.0 

12.1 

1.4 

5.6 

12.2 

1.0 

10.9 

11.0 

1.4 

11.6 

10.6 

1.7 

11.1 

10.0 

1.4 

10.9 

12.4 

1.8 

11.5 

8.5 

1.1 

13.6 

6.4 

1.2 

11.3 

3.3 

.3 

Carbohydrates 

Ash 

Nitro- 

gen- 
Free 
Extract 

Fiber 

% 

% 

% 

59.7 
66.5 

9.5 
.9 

3.0 
1.9 

65.2 
66.7 

1.3 
1.6 

1.8 
2.4 

71.9 

73.8 

1.8 
1.7 

1.8 
1.6 

74.1 

1.8 

1.5 

72.7 

1.9 

2.4 

73.0 
77.6 
75.9 

1.8 

1.7 

.4 

2.7 

1.9 

72.5 
71 

1.7 
5.8 

1.9 
1.7 

69.8 
77.5 

2.7 
.3 

2.4 
1.1 

77.5 

84.6 

.4 
.1 

.9 
.4 

Fuel 
Value 

per 
pound 


Oats: 

Whole  grain 

Oatmeal,  raw 

Rolled  oats,  steam- 
cooked  

Flaked  and  malted  oats 

Wheat: 

Whole  grain 

Cracked  wheat 

Rolled  wheat,  steam- 
cooked  

Flaked  and  crisped, 
ready  to  eat 

Flaked,  crisped  and 
malted,  ready  to  eat. . 

Crumbed  and  malted . 

Farina 

Rye: 

Whole  grain 

Flaked,  to  be  eaten  raw 

Barley: 

Whole  grain 

Pearled  barley 

BuckwJieat: 

Flour 

Farina 


Cals. 


1,767 

1,759 
1,709 


1,501 

1,541 

1,500 

1,526 
1,623 
1,609 

1*526 

1,514 


1,471 
1,480 
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It  may  be  said  in  defense  of  the  general  use  of  prepared  breakfast 
foods  sold  in  packages  that  they  are  cleaner,  less  liable  to  accumulate  dust 
and  dirt  than  cereals  sold  in  bulk.  On  account  of  the  general  use  of  these 
"easy  to  prepare"  breakfast  cereal  foods  in  the  United  States,  the  ques- 
tion of  economy  is  to  be  considered.  When  you  compare  the  prices  of 
food  sold  in  bulk  with  the  price  of  the  package  product,  it  will  be  found 
that  the  consumer  is  paying  luxury  prices  for  the  latter. 

The  following  table  from  Bailey  summarizes  the  percentages  of  con- 
stituents contained  in  some  of  the  more  popular  advertised  American 
breakfast  cereal  foods: 

TOTAL  NUTRIENTS  AND  FUEL  VALUES  OF  POPULAR  BREAKFAST 

FOODS 


Name 


Moisture 


Protein 


Total 
Carbo 
hydrates 


Crude 
Fiber 


Fat 


Ash 


Pettijohn's  Breakfast  Food 

Ralston 

Cracked  Wheat 

Quaker  Oats 

Bulk  Oats 

Cerealine  (from  corn) 

Cream  of  Wheat 

Vitos  (Pillsbury's) 

Wheatena 

Zwieback 

Grape  Nuts. 

Toasted  Corn  Flakes. . .  . 

Shredded  Wheat 

Puffed  Wheat  Berries 

Holland  Rusk 

Egg-0-See 

Grape  Sugar  Flakes 

Tryabita  Food 


7.51 
9.72 
9.30 
7.40 
8.07 
9.55 

10.69 
8.74 
8.41 

10.64 
8.00 
9.63 
9.45 

10.19 
7.59 
8.24 
8.13 
9.69 


10.56 
15.10 
12.60 
17.20 
17.74 

9.90 
11.75 
12.69 
11.50 
14.31 
12.73 

9.21 
11.06 
13.06 
12.44 
10.87 
10.27 
11.81 


76.96 
71.75 
74.42 
66.65 
65.89 
78.75 
76.17 
76.56 
75.23 
68.87 
73.78 
78.31 
76.41 
73.72 
72.87 
76.15 
75.87 
72.47 


2.01 

1.55 

1.49 

1.40 

0.99 

0.72 

76.17 

76.56 

1.03 

4.21 

2.02 

0.57 

76.41 

73.72 

0.32 

1.36 

2.28 

2.57 


1.45 
1.90 
2.22 
6.08 
6.52 
1.24 
0.95 
0.98 
2.10 
0.49 
1.57 
0.54 
1.42 
1.63 
5.88 
1.18 
1.76 
1.08 


1.52 
1.53 
1.46 
1.67 
1.78 
0.56 
0.64 
1.03 
1.73 
1.48 
1.90 
1.74 
1.66 
1.61 
0.90 
2.12 
1.69 
2.77 


Differences  in  Composition  of  Breakfast  Foods. — In  comparing 
the  chemical  composition  of  different  cereal  foods  it  is  apparent  that 
while  they  resemble  each  other  closely  (all  are  rich  in  carbohydrates), 
still  there  are  certain  differences  between  them  which  are  quite  character- 
istic; thus  corn  is  characterized  by  a  relatively  high  proportion  of  fats; 
oats  are  relatively  rich  in  both  protein  and  fat ;  wheat  and  rye  have  a  high 
proportion  of  protein  with  a  moderate  amount  of  fat,  while  barley  and 
rice  products  contain  about  the  average  proportions  of  all  the  nutritive 
ingredients. 
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Prepared  Cereal  Foods. — Many  of  the  cereal  breakfast  foods  whicli 
are  sold  under  various  names  and  extravagantly  advertised,  are  artificial 
preparations  of  these  cereals,  in  the  manufacture  of  which  the  cereals  are 
subjected  to  heat  and  otherwise  treated,  so  that  the  preparation  undergoes 
certain  changes  intended  to  save  labor  in  c(K)king  and  to  spare  the  diges- 
tive organs  a  part  of  their  normal  work.  The  idea  of  having  part  of  the 
process  performed  outside  of  the  body  is  not  a  new  one.  Physicians  have 
used  predigcsted  foods  of  different  sorts  for  their  patients  for  many  years. 
Since  the  diastase  of  malt  imitates  the  work  of  the  diastase  of  the  saliva 
and  the  pancreas  so  well,  it  is  the  common  means  of  predigesting  carbo- 
liydrates.  It  is  a  grave  question,  however,  as  to  whether  it  is  good  for  the 
hunum  race  to  have  its  food  partially  digested  before  it  is  consumed.  "It 
is  not  beneficial  to  the  teeth  to  have  only  soft  food  to  masticate,  and  on 
the  other  hand  it  cannot  be  beneficial  to  the  stomach  to  have  constantly 
such  foods  to  work  upon.  Wliat  the  stomach  is  relieved  from  doing  by 
choice  may  later  become  a  matter  of  necessity."  If  an  athlete  does  not 
use  his  muscles  they  will  soon  degenerate,  become  flabby  and  unable  to  do 
laborious  work.  In  a  similar  way  the  stomach  which  is  given  labor-saving 
foods  may  in  time  be  unable  to  perform  the  normal  functions  of  diges- 
tion. Therefore  a  large  consumption  of  the  prepared  cereal  foods  should 
be  deprecated,  since  it  is  generally  believed  that  the  digestive  organs,  as 
all  other  organs  of  the  body,  are  normally  prepared  to  perform  to  advan- 
tage their  several  functions.  We  believe  a  well  man  has  no  more  need  for 
predigested  food  than  a  sound  man  has  for  crutches. 


ROOTS   AND    TUBERS 

Roots  and  Tubers. — From  our  study  of  cereals,  we  learned  that  the 
bulk  of  the  grain  furnished  a  storehouse  of  nutriment  for  the  use  of  the 
young  plant.  We  now  turn  our  attention  to  the  consideration  of  the  roots 
and  tubers  which  on  examination  may  be  regarded  in  like  manner,  as 
reserves  of  nourishment  for  the  use  of  the  adult  plant  itself.  The  reserve 
nutriment  so  laid  up  is  almost  entirely  in  the  form  of  carbohydrates, 
chiefly  starch.  Protein  and  fat  are  only  infinitestmally  represented.  This 
fact  must  not  be  lost  sight  of  in  estimating  the  value  of  this  class  of  vege- 
table foods.  The  plants  belonging  to  this  group  have  different  habits  and 
are  varied  in  appearance,  but  from  the  standpoint  of  food  value  their  com- 
mon characteristic  of  producing  underground  parts  filled  with  nutritious 
material,  makes  it  convenient  to  group  them  together.    In  some  instances 
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it  is  a  true  root,  such  as  the  beet,  in  which  the  plant  lays  up  its  store ;  in 
others  it  is  an  underground  stem,  as  in  the  case  of  potatoes,  and  again  it 
is  a  bulb,  like  the  onion. 

CLASSES  OF  ROOTS  AND  TUBERS.— The^e  edible  tubers,  roots  and  bulbs 
naturally  divide  themselves  into  three  main  classes:  (a)  those  in  which 
the  plant  stores  a  comparatively  large  proportion  of  food  in  the  form  of 
sugar  or  other  soluble  carbohydrates,  as  the  yam  and  sweet  potato;  (b) 
those  in  which  the  plant  stores  its  food  principally  in  the  form  of  insoluble 
starch,  the  most  important  of  the  starch-bearing  tubers,  the  white  potato, 
cassava,  tare  tubers  and  yantia  tubers;  (c)  the  succulent  roots  containing 
a  large  proportion  of  water,  such  as  beets,  carrots,  parsnips,  turnips,  rad- 
ishes, salsify,  horse  radish,  onions  and  garlic.  The  tubers  and  root  vege- 
tables contain  from  70  to  90  per  cent  of  water  and  from  10  to  30  per  cent 
solid  material,  the  greater  part  of  which  is  some  form  of  carbohydrate. 
They  also  contain  a  small  amount  of  nitrogenous  substance  and,  compared 
with  other  vegetables,  considerable  quantities  of  mineral  matter,  especially 
in  the  succulent  roots. 

White  Potato. — The  potato,  called  in  different  sections  white  potato, 
Irish  potato,  English  potato  or  round  potato,  was  first  introduced  into 
England  during  the  reign  of  Queen  Elizabeth.  A  cargo  of  this  vegetable 
was  carried  from  Koanoke  Island,  Colony  of  I^orth  Carolina,  to  England 
by  one  of  Sir  Walter  Raleigh's  ships  in  1586.  The  American  Indians 
were  cultivating  this  tuber  when  the  English  discovered  America  (21). 
In  former  times  the  top  of  the  potato  blossomed  and  bore  seeds,  which  pro- 
duced new  varieties.  The  potato,  modified  by  cultivation,  has  lost  this 
power  of  bearing  seeds.  !N'ow  the  "eye"  of  the  old  tubers  is  planted  to 
produce  a  new  crop. 

Structure. — In  structure  the  potato  may  be  said  to  be  a  modified 
shortened,  thickened  stem  which  serves  as  a  storehouse  for  the  reserve 
material  for  the  new  young  plant.  The  outer  skin  consists  of  a  thick, 
grayish-brown,  corky  substance.  If  a  cross  section  is  made  of  a  raw  po- 
tato, three  distinct  parts  besides  the  skin  may  be  seen.  The  outermost 
known  as  the  cortical  layer,  which  is  slightly  colored,  and  denser  than 
other  parts  of  the  potato;  the  interior  or  fleshy  part  is  made  up  of  two 
layers  known  as  the  inner  and  outer  medullary  areas. 

Composition. — In  composition  the  potato  contains  the  following  per- 
centage of  nutrient  chemical  elements:  water,  62.6  per  cent;  protein,  1.6 
per  cent;  fat,  0.1  per  cent;  carbohydrates,  22.8  per  cent,  and  mineral  mat- 
ter, 0.8  per  cent.  The  carbohydrates  are  by  far  the  most  abundant  of  the 
nutrients,  with  less  than  5  per  cent  of  cellulose.     Other  carbohydrates  of 
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the  potato  are  the  so-called  pectose  bodies.  When  the  tubers  are  large  and 
bulky,  pectose  bodies  make  up  al)out  4  per  cent  of  the  weight  of  the  tuber. 
Fat  appears  in  such  small  quantities  that  it  may  practically  be  ignored  in 
discussing  the  food  value.  The  proteins  are  rather  scanty  as  compared 
with  the  elements  in  cereals,  and  only  about  60  per  cent  of  the  total 
amount  present  is  true  protein.     The  non-protein  forms  of  nitrogenous 


Fig.  32. — ^Transverse  and  Lonoitudixal  Sections  of  the  Potato,  (a)  skin,  (b) 
cortical  layer,  (c)  outer  medullary  layer,  (d)  inner  medullary  area.  (Bull.  No. 
2d5,  U.  S.  Dept.  Agric.) 

substances  in  the  potato  are  asparagin  and  small  quantities  of  amino-acids 
occurring  more  particularly  in  the  juice.  The  most  important  mineral 
matters  found  in  the  potato  are  potash  and  phosphoric  acid  compounds. 
The  potato  as  purchased  contains  about  20  per  cent  nutritive  matter,  while 
rice  contains  about  88  per  cent.  In  the  process  of  cooking  rice  water  is 
added,  so  if  we  compare  four  pounds  of  potatoes  with  one  pound  of  rice 
we  shall  find  that  they  are  about  equal  in  nutritive  value.  Four  pounds 
of  potatoes  cost  about  twenty-five  cents,  while  a  pound  of  rice  costs 
about  ten  cents,  so  there  is  no  decided  advantage  in  the  cost  of  rice  over 
28 
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potatoes.     The  potato  contains  but  little  iron,  calcium  and  phosphorus, 
the  elements  too  often  lacking  in  the  food  of  children. 

Cooking  of  Potatoes. — Cooking  improves  the  taste  of  the  potato  and 
at  the  same  time  prepares  the  starch  for  more  complete  digestion.  The 
process  of  cooking  breaks  up  the  lamellae  which  hold  the  starch  cells  to- 
gether. Thus  the  action  of  the  saliva  on  the  unbroken  cells,  swollen  by  the 
process  of  cooking,  is  facilitated.  The  granules  are  rendered  permeable 
by  the  digestive  enzymes,  and  digestion  and  absorption  readily  take  place. 
From  numerous  tests  (22)  it  has  been  determined  that  8.2  per  cent  of  pro- 
tein is  lost  when  the 
PR0TEiN2.2%  peeled  potato  is  plunged 

CRUDEFiBER^Tcm^^y^  '       ^.^^^^^^^  directly  into  boiling  wa- 

ASHiOio;^^^^  /  ^""^--v^  ^^^    Whereas,  if  soaked 

for  several  hours  before 
cooking,  at  least  25  per 
cent  of  the  protein  is 
wasted.  If  plunged  into 
cold  water  and  brought 
to  the  boiling  point, 
15.8  per  cent  of  the  pro- 
tein is  lost.  When  po- 
tatoes are  boiled  in 
their  "jackets,"  the  loss  is  only  1  per  cent  of  protein  and  a  little  over 
3  per  cent  of  mineral  matter. 

In  a  series  of  tests  made  it  was  observed  that  if  the  nutritive  material 
was  to  be  retained  in  potatoes  they  should  be  boiled  with  their  " jackets'' 
on,  and  removed  immediately  from  the  water  to  prevent  them  from  be- 
coming water  soaked.  In  baking  potatoes  very  little  of  the  nutritive  ele- 
ments are  lost.  The  starch  is  thoroughly  cooked,  since  the  temperature 
necessary  for  baking  is  several  degrees  above  the  boiling  point.  Immedi- 
ately upon  its  removal  from  the  oven  the  baked  potato  should  have  the 
skin  broken  so  as  to  allow  the  steam  to  escape  and  prevent  the  tuber  from 
becoming  soggy.  The  potato  so  cooked  will  be  mealy,  attractive  and  in  a 
proper  condition  to  be  readily  acted  on  by  the  digestive  enzymes. 

Desiccated  potatoes  are  prepared  by  slicing  and  drying  the  contents 
at  not  too  high  temperature.  When  dry  they  contain  about  the  same  con- 
stituents as  the  fresh  potato,  minus  the  water.  They  are  extremely  useful 
for  camping  parties,  or  at  sea,  or  whenever  it  is  impracticable  to  transport 
fresh  potatoes. 

Potatoes  are  hy  no  means  a  perfectly  well-balanced  ration.     In  fact. 


rATOJ<^ 


Fig.  33. — Composition  of  the  Potato.  The  shaded  por- 
tion represents  the  average  loss  of  nutrients  when 
boiled.     (Bull.  No.  295,  U.  S.  Dept.  Agric.) 
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they  are  not  as  satisfactory  as  bread,  if  one  would  live  on  a  single  food. 
As  ordinarily  used  in  conjunction  with  meat,  milk,  eggs  and  other  varie- 
ties of  food  containing  fat  and  protein  in  proper  quantities,  they  are  an 
extremely  valuable  food.  They  rank  next  to  breadstuffs  in  Europe  and 
America  as  a  source  of  carbohydrate  foods.  The  potato  crop  of  the  United 
States  in  1912  was  420,(547,000  bushels.  In  addition  there  were  2,500,- 
000  bushels  imported  from  foreign  countries. 

Sweet  Potato. — Sweet  potatoes  are  grown  largely  in  North  and 
South  America,  Spain,  Portugal,  China  and  the  East  and  West  Indies. 
In  countries  where  they  are  most  abundantly  grown,  they  provide  a  large 
proportion  of  the  food  for  the  natives.  The  plant  belongs  to  the  Mominrj 
Glory  family ;  it^  botanical  name  is  Ipomopa  batatus.  It  is  probably  a 
native  of  tropical  America.  The  sweet  potato  grows  best  in  loamy,  sandy 
soil,  in  a  climate  where  there  are  at  least  four  and  one-half  months  with- 
out frost.  Each  year  sweet  potatoes  are  becoming  of  greater  importance 
as  a  commercial  truck  crop  in  the  United  States.  They  rank  third  in  the 
list  of  the  five  greatest  vegetable  truck  crops. 

Sweet  potatoes  do  not  keep  as  well  as  white  potatoes  and  are  subject 
to  various  diseases :  black  rot,  soft  rot,  dry  rot  and  white  rot.  For  keeping 
they  require  a  warm,  dry  atmosphere.  In  the  South  they  are  kept  in  pits 
out  of  doors,  which  must  be  well  ventilated  and  protected  from  north- 
westerly winds.  The  temperature  should  be  from  50°  to  54°  F.  The  sweet 
potato  is  propagated  from  "sets"  which  are  grown  from  the  mother  potato. 
In  the  spring  they  are  bedded  in  a  location  which  will  have  protection 
from  north  winds.  The  bed  is  a  manure-heated  hotbed  and  insures  quick 
propagation  of  the  plants. 

Varieties  of  Sweet  Potato, — There  are  many  varieties  of  sweet  pota- 
toes, w^hich  differ  in  color,  size  and  other  characteristics.  In  the  Southern 
States  the  sweet  potato  plays  almost  as  important  a  part  as  a  foodstuff 
as  white  potatoes  do  in  other  parts  of  the  country.  The  Jersey  varieties 
are  very  popular ;  among  them  are  the  hig  stem  Jersey,  yellow  Jersey  and 
red  Jersey.  These  varieties  when  cooked  present  a  dry,  mealy-fleshed 
substance.  In  the  South  the  most  popular  variety  belongs  to  the  yam 
group.  This  is  a  moist,  fleshy,  yellowish  colored  potato.  Among  the  varie- 
ties of  this  latter  group  are  the  Southern  Queen,  the  pumpkin  yam,  Geor- 
gia yam,  the  Florida  yam  and  the  red  Bermuda.  Of  these  varieties  there 
are  a  large  number  of  special  strains  known  under  many  local  names. 
The  Jersey  varieties  are  inclined  to  grow  rather  large  and  are  poor 
keepers,  becoming  "punky"  toward  the  spring.  The  Southern  varieties 
are  large,  thick  and  blunt  at  the  ends,  the  color  varying  from  white  or  light 
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cream  to  an  orange  yellow.  The  Southern  varieties  are  the  most  agreeable 
as  food  and  are  prepared  in  a  variety  of  ways.  They  are  made  into  pies, 
puddings,  etc.,  baked  or  boiled  or  candied.  The  sweet  potato  is  highly 
prized  as  an  article  of  food  in  North  and  South  America,  China,  and  in 
the  East  and  West  Indies.  The  annual  crop  in  the  United  States  is 
50,000,000  bushels. 

Composition. — In  composition  the  sweet  potato  is  unlike  the  white 
potato,  since  it  contains  sugar.  Sweet  potatoes  are  wholesome  and  possess 
slightly  laxative  properties.  Owing  to  their  sweet  taste  they  do  not  form 
such  an  appropriate  accompaniment  to  meat  as  the  ordinary  potato.  The 
varieties  most  esteemed  for  the  table  by  those  who  eat  freely  of  them  are 
the  varieties  which  contain  the  largest  proportion  of  sugar.  The  amount 
of  protein  and  fat  is  small.  When  cooked  the  carbohydrate  consists  of 
from  13  to  18  per  cent  of  starch  in  granules.  The  sugar  varies  from  4  to 
10  per  cent  and  is  nearly  all  cane  sugar  or  sucrose.  Of  26  samples  ana- 
lyzed by  Atwater  in  the  United  States  Government  Laboratories  there 
was  found  an  average  of  only  2^/2  per  cent  cane  sugar  and  3 A  per  cent 
invert  sugar.  The  total  fermentable  matter  contained  in  the  sweet  potato 
varies  from  23  to  30  per  cent.  They  yield  also  a  corresponding  propor- 
tion of  alcohol  and  are  much  used  for  the  production  of  alcoholic  drinks 
in  the  Azores. 

Digestibility, — !N^o  very  extensive  experiments  have  been  made  with 
the  sweet  potato  to  determine  its  digestibility,  except  in  Japan.  Judging 
from  the  conclusions  arrived  at  by  the  Japanese  investigations,  98  per 
cent  of  the  carbohydrates  of  sweet  potatoes  are  digested.  The  values  for 
protein  were  variable,  but  on  the  whole  were  lower  in  protein  than  white 
potatoes.  It  may  be  said  of  sweet  potatoes  that  they  are  wholesome  and 
well  digested  by  the  average  man.  The  distress  many  persons  suffer  from 
eating  the  dry,  mealy  varieties  is  overcome  by  using  large  quantities  of 
butter. 

Presence  of  Sugar.. — More  than  twenty-five  years  ago  Stone  (23)  dem- 
onstrated the  presence  of  sucrose  or  cane  sugar  in  sweet  potatoes.  This  is 
one  of  the  more  complex  sugars  in  which  the  molecules  are  so  bound  that 
they  do  not  reduce  Fehling's  solution.  On  the  contrary,  later  observers 
have  found  reducing  sugars  present. 

Interesting  experiments  have  proven  that  in  the  tuberous  root  of  the 
sweet  potato,  as  in  the  resting  storage  organs  of  other  plants  of  temperate 
regions,  starch  is  transformed  into  sugar.  In  most  plants  the  transforma- 
tion of  starch  into  sugar  ceases  at  a  few  degrees  above  the  freezing  point. 
The  sweet  potato  is  an  exception  to  this  rule.     Soon  after  the  tuber  has 
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Fig.  34. — Composition  of  Common  Stabchy  Root  Vegetables.  These  outline  figures 
show  diagrammatical ly  the  proportion  of  nutrients  present.  Plain  white  indicates 
water  and  the  differently  shaded  portions  protein,  fat,  carbohydrates  and  ash  re- 
spectively.    (Bull.  No.  468,  U.  S.  Dept.  Agric.) 
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been  gathered,  transformation  of  starch  into  sugar  takes  place  at  mucli 
higher  temperatures  (86°  E.). 

Two  competent  observers,  Hasselbring  and  Hawkins  (24),  record  an- 
other interesting  peculiarity  of  the  sweet  potato.  Except  in  soft-wooded 
trees  reducing  sugars  have  been  observed  as  the  usual  and  most  abundant 
products  of  starch  transformation  in  resting  storage  organs.  On  the  con- 
trary, little  reducing  sugar  results  from  this  transformation  in  the  sweet 
potato,  the  principal  product  being  sucrose. 

It  would  be  pleasant  to  believe  that  all  these  researches  might  have  a 
practical,  a  gastronomic,  outcome.  At  its  best  and  rightly  cooked  (baked 
"in  its  jacket,"  so  that  the  rich,  black,  syrupy  juice  is  incrusted  wherever 
the  cook's  fork  has  pricked  it),  this  vegetable  is  a  unique  delicacy.  As  it 
reaches  our  JSTorthern  markets,  or  at  any  rate,  our  Northern  tables,  how- 
ever, it  is  too  often  dry  and  insipid. 

Composition  of  Sweet  and  White  Potatoes. — Considering  both 
composition  and  digestibility  it  may  be  said  that  the  nutritive  value  of 
the  sweet  potato  is  much  the  same  as  the  white  potato,  although  there  are 
important  differences  between  them.  The  average  composition  of  sweet 
potatoes  raw  and  cooked  is  given  in  the  following  table  by  Lang- 
worthy  (25)  : 

AVERAGE  COMPOSITION  OF  SWEET  AND  WHITE  POTATO 


Kind  of  Potato 


Sweet  potatoes  (edible  por- 
tion)   

Sweet  potatoes  (as  pur- 
chased)  

Sweet  potatoes  (cooked) . . 

Sweet  potatoes  (canned) . . 

White  potatoes  (edible  por- 
tion)   

White  potatoes  (as  pur- 
chased)  


Ref- 
use 


% 


20.0 


20.0 


Water 


% 
69.0 

55.2 
51.9 
55.2 

78.3 

62.6 


Pro- 
tein 


% 
1.8 

1.4 
3.0 
1.9 

2.2 

1.8 


Fat 


Sugar, 

Starch, 

etc. 


% 
0.7 

.6 

2.1 

.4 

.1 

.1 


Carbohy- 
drates 


% 
26.1 


Crude 
Fiber 


21.9 
42.1 


40.6 
18.0 


% 
1.3 

.8 
.4 


14.7 


Ash 


% 
1.1 

.9 

.9 

1.1 

1.0 


Fuel 

Value 

per 

pound 


Cals. 

570 

460 
925 

820 

375 
310 


Jerusalem  Artichoke. — The  Jerusalem  artichoke  is  a  tuber  of  the 
sunflower  family.     It  was  introduced  into  Europe  in  1616.     Indigenous 
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to  Canada  and  the  upper  Mississippi  Valley,  artichokes  were  cultivated 
by  the  American  Indians  before  the  discovery  of  America.  Although  the 
tubers  contain  no  starch  they  possess  a  considerable  amount  of  sugar,  esti- 
mated by  Wiley  at  1().!)3  per  cent.  They  contain  2  per  cent  of  inulin, 
which  is  not  very  soluble,  but  is  isomeric  with  starch ;  also  pcctose  bodies, 
1.3  per  cent,  which  cause  them  to  be  mucilaginous  when  boiled.  \Vlien 
Ix^iled  in  water  or  milk  and  eaten  with  white  sauce,  pepper  and  salt,  they 
are  tasty  and  nutritious.  They  may  also  be  cooked  with  meats  and  stews, 
and  in  various  highly  seasoned  dishes  in  which  condiments  counteract  the 
griping  tendency  of  the  tuber.  They  are  wholesome,  nourishing  and  fat- 
tening, and  are  recommended  by  von  Noorden  in  diabetes,  since  they  are 
better  borne  than  any  other  carbohydrate. 

Taro  Tubers. — Taro  tubers  have  from  time  immemorial  been  an  im- 
portant foodstuif  for  the  natives  of  various  countries.  They  are  at  present 
one  of  the  most  commonly  cultivated  tuber  crops  in  the  tropics,  in  Japan, 
China,  Austria,  Hawaiian  Islands,  Asia,  India  and  Africa.  Their  culti- 
vation is  very  ancient.  They  were  grown  in  China  100  b.  c.  They  con- 
tain a  large  amount  of  starch,  some  cane  sugar  and  protein  of  an  albu- 
minoid nature.  The  roots  are  tuberous,  varying  in  shape  and  appearance 
from  a  yam  to  a  sweet  potato,  which  they  resemble  in  nutritive  value. 
Although  they  make  a  good  substitute  for  them,  taro  tubers  are  in  no  way 
superior  to  the  more  familiar  vegetable,  the  sweet  potato.  The  Hawaiians 
eat  them  in  the  form  of  a  sticky,  doughy-like  dish,  which  ferments  and  is 
called  poi.  It  is  pinkish  lavender  in  color.  The  taro  tuber  is  said  to  be 
a  suitable  aliment  for  persons  suffering  with  gastric  ailments. 

The  Yautia. — The  yautia  botanically  is  closely  related  to  the  taro, 
though  it  belongs  to  a  different  group.  It  is  a  very  important  starchy  food 
in  the  West  Indies,  where  it  is  known  by  a  variety  of  names,  as  taniers, 
cocoes,  laye,  etc.  The  cultivated  varieties  do  not  produce  seed,  although 
they  put  out  abortive  blossoms.  The  plants  grow  luxuriously  in  any  moist 
region  free  from  frost  and  produce  bountiful  crops  in  return  for  compara- 
tively little  labor.  In  Porto  Rico  every  small  farmer  has  a  small  plot 
planted  in  yautias,  and  next  to  sweet  potatoes  and  yams  they  are  the  most 
important  native  food  crop.  The  vegetable  may  be  prepared  like  sweet 
potatoes  in  a  number  of  appetizing  ways.  For  their  chemical  composition 
and  fuel  value  see  table  on  page  418. 

Stachys. — Stachys  is  a  small  perennial  belonging  to  the  mint  family 
and  produces  just  below  ground  a  multitude  of  small  \vhite,  crisp,  edible 
tubers  varying  in  size  from  an  inch  to  two  and  a  half  inches  long  and  one- 
half  an  inch  in  thickness,  having  an  irregular  corkscrew  form.     They  are 
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prepared  for  the  table  like  other  vegetables  or  may  be  eaten  raw  like 
radishes. 

Composition'  of  Starch-Bearing  Roots. — The  percentage  composi- 
tion of  cassava,  taro,  yautia,  etc.,  is  given  in  the  following  table (26)  to- 
gether with  that  of  potatoes  for  comparison: 


AVERAGE  COMPOSITION  OF  SOME  TROPICAL  STARCH-BEARING  ROOTS 


Water 

Protein 

Fat 

Total  Carbo- 
hydrates 

Ash 

Fuel 
Value 

per 
pound 

Kind  of  Food 

Sugar, 

Starch, 

etc. 

Crude 
Fiber 

Sweet  cassava 

% 
66.0 
10.5 
10.5 
10.3 
70.9 
72.9 
70.0 
91.6 
78.6 
78.3 

% 
1.1 
.5 
9.1 
1.1 
1.8 
1.8 
2.2 
1.8 
2.7 
2.2 

% 
0.2 

.1 

.3 

.2 

.2 

.2 

.2 
0.08 
0.01 

.1 

% 
30.2 

% 
1.8 

% 
0.7 

.1 
1.1 
1.6 
1.2 

.9 

.9 
0.61 
1.2 
1.0 

Calories 
610 

Cassava  starch. 

88.8 
79.0 

1,625 

Cassava  bread 

1,650 

Cassava  cakes  or  wafers . . 
Taro 

85.2 
23.2 
23.2 
26.1 
4.6 
17.0 
18.0 

1.6 
.8 
.6 
.6 
0.9 
0.4 
.4 

1,670 
475 

Yams 

475 

Yautia  tubers 

535 

Artichokes. . . 

Stachys 

Potatoes 

375 

COMMON  SUCCULENT  ROOT  VEGETABLES.— There  are  a  number  of 
common  succulent  root  vegetables  which  resemble  each  other  in  so  many 
points  that  they  may  be  conveniently  grouped  together  for  consideration 
as  to  their  value  as  nutrient  vegetable  foods.  The  following  is  a  list  named 
in  the  order  of  their  prominence,  viz. :  heets,  carrots,  parsnips,  turnips, 
radishes,  etc.  In  some  instances  the  leaves  and  stems  when  young  and 
tender  are  used  as  pot  herbs  or  "greens." 

There  are  quite  a  number  of  these  roots,  closely  resembling  one  another 
in  general  character,  grown  for  the  table  in  European  countries  and  often 
seen  in  the  United  States.  With  the  varieties  named  above,  parsnips, 
chervil,  Spanish  salsify  and  Tettow  turnips  may  be  cited  as  examples. 
Among  the  succulent  roots  used  in  Oriental  countries,  but  rarely  used  by 
the  western  races,  are  the  following:  arrowhead,  sacred  locust  and  water 
chestnut. 

Of  the  bulbs  used  as  foodstuffs  in  the  United  States,  various  members 
of  the  onion  family  are  the  only  ones  which  deserve  special  mention, 
though  lily  bulbs  of  different  varieties  are  eaten  by  the  Chinese. 
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Fig.  35. — Composition  of  Some  Succulent  Vegetables  as  Compabed  with  Mil^ 
(From  Yearbook  of  Dept.  Agric,  1916.) 
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Composition  of  Succulent  Roots. — The  following  table  (27)  shows 
the  composition  of  the  nutritive  elements  of  the  succulent  roots,  tubers  and 
bulbs  in  common  use  as  foodstuffs,  as  well  as  the  composition  of  potato, 
which  is  included  for  purposes  of  comparison : 


AVERAGE  COMPOSITION  OF  SUCCULENT  ROOTS,  TUBERS,  AND  BULBS 


Root,  Tuber  or  Bulb 


Beets,  fresh 

Beets,  cooked 

Celery 

Carrots,  fresh 

Carrots,  desiccated 

Parsnips 

Salsify  "Oyster  Plant"... 

Black  Salsify 

Radishes 

Turnips,  white 

Turnips,  yellow  (ruta-ba- 


Kohl-rabi 

Onions 

Gadic 

Potatoes 

Arrowhead  Tubers. 


Ref- 
use 


% 
7.0 


20.0 
20.0 

20.0 
24.0 
20.0 


10.0 

10.0 
20.0 
30.0 


20.0 


Water 


% 
87.5 
88.6 
84.1 
88.2 

3.5 
83.0 
85.4 
80.4 
91.8 
89.5 

88.9 
91.1 
87.6 
64.7 

78.3 
66.88 


Pro- 
tein 


% 
1.6 
2.3 
1.5 
1.1 
7.7 
1.6 
4.3 
1.0 
1.3 
1.3 

1.3 
2.0 
1.6 
6.8 
2.2 
8.42 


Fat 


% 
0.1 

.1 

.4 

.4 

.6 

.5 

.3 

.5 

.1 

.2 

.2 
.1 
.3 
.1 
.1 
1.22 


Edible  Por- 
tion Carbo- 
hydrates 


Sugar, 

Starch, 

etc. 


% 


Crude 
Fiber 


7.4 

11.8 

8.2 

80.3 
11.0 

6.8 
17.1 

5.1 

6.8 

7.3 

4.2 

9.1 
27.9 
18.0 
22.19 


% 
0.9 

1.4 
1.1 

2.5 
2.0 
2.3 

.7 
1.3 

1.2 
1.3 


.4 

.98 


Ash 

% 

1.1 

1.6 

.8 

1.0 

4.9 

1.4 

1.2 

1.0 

.1 

.8 

1.1 

1.3 

.6 

1.5 

1.0 

2.04 

Fuel 
Value 

per 
pound 


Gals. 
215 
185 
285 
210 

1,790 
300 
250 
390 
135 
160 

185 
145 
225 
650 
375 


Nutritive  Food  Value. — In  common  with  other  starchy  vegetables 
this  class  of  foodstuffs  contains  large  quantities  of  water  and  consequently 
has  a  low  nutritive  food  value.  The  proportion  of  protein  which  it 
contains  is  low.  Of  this  small  amount  not  more  than  a  third  and  fre- 
quently not  more  than  a  fifth  is  in  a  form  of  albumin  or  similar  com- 
pounds. There  are  sugars,  pectose  bodies,  andJn  some  cases  pentosans. 
These  constitute  the  reserve  material  which  the  plants  have  stored  up  in- 
stead of  the  starch  characteristic  of  such  roots  as  the  white  potato  and 
sweet  potato.  These  succulent  vegetables  differ  from  the  white  and  sweet 
potato  in  that  they  possess  marked  flavors  and  odors,  imparted  to  them 
by  the  small  amount  of  volatile  oils  which  the;^  contain. 

The  succulent  roots,  tubers  and  bulbs,  when  considered  from  a  stand- 
point of  the  nutrient  elements,  protein,  fat  and  carbohydrates  entering 
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into  their  composition,  are  of  much  less  impor- 
tanco  to  the  diet  than  the  concentrated  cereal 
foods  or  even  the  starchy  roots  and  tidKjrs.  It 
may  he  said  of  them  that  they  do  furnish  some 
nutritive  material  and  are  appetizing  and  gener- 
ally relished,  while  furnishing  a  considcrahle  hulk 
to  the  diet,  which  is  an  important  consideration 
from  the  standpoint  of  normal  digestion.  One  of 
the  most  important  functions  of  these  vegetables  is 
the  amount  of  mineral  salts  needed  for  the  up- 
building and  repair  of  tissue,  as  well  as  for  im- 
parting alkalinity  to  the  blood,  which  they  supply. 

Beets. — Beets  are  chiefly  of  value  for  their 
carbohydrates,  consisting  of  sugar,  starch,  muci- 
lage and  alkaline  salts.  A  glance  at  the  preceding 
table  will  give  the  percentage  of  their  chemical 
elements.  This  vegetable  when  young  and  tender 
is  used  in  its  entirety.  The  leaves  are  boiled  for 
^'greens."  Of  the  total  nitrogenous  matter  a  small 
portion  is  protein.  There  are  several  varieties, 
varying  in  color  from  a  light  red  or  yellow  to  a 
deep  or  blackish  red.  Beets  are  extensively  grown 
as  a  food  for  man  and  beast.  The  boiled  roots 
form  an  appropriate  accompaniment  of  roast  meat. 
They  may  also  be  served  cold,  cut  into  slices,  made 
into  salads  or  pickles.  They  are  readily  digested 
by  most  people.  Beets  are  more  nutritious  than 
turnips,  parsnips  or  carrots.  Cane  sugar  (see 
Volume  I,  Chapter  XVII)  constitutes  a  consid- 
erable portion  of  the  carbohydrate  content.  Some 
reducing  sugar  is  present.  Beets  are  often  served 
after  being  boiled  and  sliced  and  soaked  in  vine- 
gar, which  assists  in  softening  the  fiber  and  does 
not  interfere  with  the  digestion  of  the  other 
constituents. 

Carrots. — Carrots  are  grown  in  many  vari- 
eties and  vary  greatly  in  size,  color,  flavor  and 
other  characteristics.  They  are  a  common  vege- 
table all  over  Europe  and  Western  Asia,  where 
they  have  been  cidtivat^d  for  more  than  2,000 


Fig.    36.  —  Composi- 

TIOX  OF  THE  CaBROT 
AND     THE     Loss     OP 

Nutrients  Whex 
Boiled.  The  illus- 
tration shows — (a) 
fiber,  starch,  fat, 
etc.,  (b)  sugar,  (c) 
nonproteid  nitro- 
genous matter,  (d) 
proteid  nitrogenous 
matter,  (e)  mineral 
matter.  The  batched 
portion  represents 
the  loss  when  medi- 
um -  sized  pieces 
were  boiled.  (Bull. 
No.  295,  U.  S.  Dept. 
Agric.) 
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years.  It  is  alleged  by  Church  that  this  vegetable  was  introduced  into 
England  during  the  reign  of  Queen  Elizabeth.  Those  commonly  raised 
are  of  medium  size,  deep  yellow  color,  tender  and  have  a  delicate  flavor. 
Young  carrots  are  more  edible  and  tasty  than  old  ones.  When  fully 
matured  they  tend  to  become  hard  and  woody.  A  glance  at  the  table  on 
page  418  shows  their  composition  does  not  differ  materially  from  other 
similar  roots,  carbohydrates  constituting  the  principal  nutritive  material. 

Sugar  is  the  next  element  of  importance ;  it  ranges  from  7  per  cent  or 
more.  The  coloring  matter  of  carrots  is  due  to  the  presence  of  carotin. 
This  is  sometimes  extracted  with  their  juice  and  used  for  coloring  butter. 
Carrots  resemble  parsnips  in  composition,  but  they  are  richer  in  sugar 
and  poorer  in  starch. 

Cooked  carrots  lose  a  considerable  portion  of  their  nutriment,  espe- 
cially the  soluble  protein  and  carbohydrates,  of  which  they  retain  little 
more  than  4  per  cent.  It  is  alleged  by  a  European  investigator  that  when 
carrots  are  steamed  they  become  soft  more  quickly  than  when  cooked  in 
hot  water.  The  loss  of  nutrient  elements  is  much  less  by  the  former 
method.  Carrots  are  considered  a  wholesome  and  valuable  addition  to  the 
diet,  and  as  a  seasoning  vegetable  they  may  be  cooked  in  a  great  variety 
of  ways.  When  the  foliage  of  carrots  is  wet  it  gives  off  a  poisonous 
substance,  perhaps  an  essential  oil,  which  produces  an  eczema  similar  to 
that  produced  by  poison  ivy. 

Parsnips. — Parsnips  belong  to  the  same  botanical  order  as  carrots  and 
resemble  them  in  form  and  general  habit  of  growth.  The  flesh  of  the 
root,  however,  is  paler,  being  a  light  cream  color.  The  flavor  is  quite  dis- 
tinct and  well  pronounced.  The  parsnip  root  is  found  wild  in  the 
meadows  of  Great  Britain  and  all  over  Europe.  It  was  a  common  garden 
vegetable  among  the  Eomans  and  probably  was  cultivated  by  them  more 
than  2,000  years  ago.  It  figures  in  the  ancient  frescos  of  Pompeii,  being 
mentioned  by  Dioscorides.  In  times  of  scarcity  it  has  been  used  for  mak- 
ing bread.     This  vegetable  may  be  cooked  and  served  in  a  variety  of  ways. 

Composition. — In  composition  parsnips  are  much  like  the  other  roots 
and  tubers,  but  contain  rather  high  quantities  of  cellulose.  The  amount 
of  total  nutritive  material  lost  in  boiling  is  not  definitely  known.  The 
parsnip  contains  considerable  nutritive  material  of  the  sugar,  starch  group 
and  about  80  per  cent  of  water.  It  is  unique  in  containing  more  fat  than 
other  vegetables  of  this  class.  The  parsnip  is  therefore  a  somewhat  better 
food  vegetable  than  a  turnip  or  carrot.  Pectose  and  cellulose  are  abun- 
dant in  parsnips.  The  carbohydrate  content  averages  from  13  to  14  per 
cent.     It  has  a  strong  flavor  which  is  not  attractive  to  many  people.     An 
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excellent  wine  is  made  from  the  roots  and  also  a  fermented  liquor  which 
yields  a  spirit  resembling.  Aladeira  in  Ihivor.  In  Great  Britain  the  juice 
of  the  parsnip  is  used  for  wine  and  the  ferment  distillation  yields  a  po- 
table spirit. 

TuuNiPs. — Turnips  are  grown  in  great  variety  throughout  temperate 
climates.  The  turnip  has  been  cultivated  in  Greece  since  the  earliest  days 
of  history.  Tt  f!:rows  wild  in  many  countries.  In  Uiissia  it  is  classed  as  a 
luxury  and  is  soiiietimcs  eaten  raw  as  a  relisli.  T\u>  Laplanders  are  said 
to  be  exceedingly  fond  of  this  vegetable. 

Varieties. — There  are  numerous  species.  Special  varieties  of  turnip 
are  known  as  white  and  yellow  turnips  and  Swedes,  There  is  cx)nsiderable 
variation  in  the  color,  flavor  and  composition  of  the  turnip.  Yellow  flesh 
varieties  as  a  group  are  common  and  are  distinguished  from  the  white  by 
the  name  of  rutabagas.  Solid  as  the  turnip  root  appears,  it  contains  an 
average  of  89  per  cent  of  water,  a  trifle  more  than  is  found  in  whole  milk. 
Carbohydrates  are  the  principal  nutritive  material ;  glucose,  cane  sugar, 
pectose  or  jelly-yielding  bodies,  pentosans  and  crude  fiber  are  the  charac- 
teristic carbohydrates  present.  The  turnip  is  best  eaten  boiled  and 
mashed  or  made  into  a  puree.  They  are  also  used  in  soups  and  stews. 
The  turnip  contains  no  starch  and  is  therefore  a  valuable  vegetable  in  the 
diet  for  diabetics.  The  turnip  is  considered  a  wholesome,  palatable  and 
useful  addition  to  the  diet.  In  the  early  spring  the  tender  tops  are  much 
prized  as  greens  or  turnip  salad.  These  young  tender  tops  when  boiled 
with  a  hog's  jowl  make  an  appetizing,  wholesome  addition  to  the  dietary. 

Radishes. — Radishes  are  probably  a  development  of  the  wild  char- 
lock, which  is  an  aimual  weed  of  the  old  world  and  has  been  cultivated  in 
gardens  from  the  earliest  historic  times.  There  are  a  great  number  of 
varieties,  varying  in  shape  and  color :  white,  yellow,  red,  black  or  purple. 
Some  of  the  roots  have  a  very  fine  flavor  and  when  young  are  crisp,  juicy 
and  tender,  but  when  old  they  contain  much  woody  fiber  and  are  diflicult 
to  digest. 

Composition^ — According  to  analysis  containe<l  on  page  420  it  will  be 
observed  that  the  radish  contains  even  more  water  than  the  turnip.  The 
characteristic  pungent  flavor  is  due  to  organic  compounds  similar  to  the 
essential  oil  of  mustard.  Radishes  are  almost  always  eaten  raw  and  are 
so  succulent  and  tender  that  they  are  doubtless  rather  thoroughly  assimi- 
lated. Especially  when  tender  they  are  stinuilating  to  the  stomach  and 
produce  a  flow  of  saliva  and  gastric  juice,  their  pungency  and  warmth 
encouraging  appetite.  This  pimgency  of  radishes  adds  to  their  value  as 
an  antiscorbutic. 


ot/iscwyzi^/trs  .63./ 


fZf/sz^  /»o/?r/oA/ 


/Poor  C£rz.sypy^ 


/=>/?ors//\/  /.s\ 


OA//OA/ 


f!^ro.3^ 


Fig.  37. — Percentage  Composition  of  Carrot,  Onion,  Beet  and  Other  Root  Vege- 
tables Compared  with  Each  Other  and  with  Bread.  These  outline  figures  rep- 
resent diagrammatically  the  proportion  of  nutrients  present.  Plain  white  imlicates 
water  and  the  differently  shaded  portions  protein,  fat,  carbohydrates  and  ash 
respectively.     (Bull.  503,  U.  S.  Dept.  Agric.) 

424 


VARIETIES    OF    VEGETABLE    FOODS  425 

Salsify. — Salsify  or  oyster  plant  rcscinhlfs  the  carrot  in  appearance. 
It  grows  wild  in  the  south  of  Europe  and  in  Algeria.  When  tender  the 
roots  are  considered  a  delicacy  similar  to  asparagus  and  are  eaten  with 
white  sauce  or  Icnion  juica  They  have  a  flavor  of  oysters  which  has 
gained  for  them  the  name  vegetable  oyster.  The  leaves  or  tops  are  eaten 
as  a  salad.  They  may  be  cooked  and  served  with  sauce  in  the  same  way 
as  asparagus.  The  principal  carl)ohydrate  stored  in  black  salsify  is  inulin 
rather  than  starch,  so  that  this  vegetable  is  often  used  in  the  diet  of  dia- 
betics. 

IIoKSE  Radish. — Horse  radish  is  the  root  of  a  plant  which  is  a  native 
of  Western  Europe.  It  is  extensively  grown  on  l)oth  sides  of  the  Atlantic. 
The  horse  radish  has  a  warm  taste  and  a  pungent  odor  which  tends  to 
promote  appetite  and  the  secretion  of  saliva.  It  increases  gastric  secre- 
tion and  motility,  thereby  acting  as  a  stimulant  to  the  alimentary  func- 
tions. At  the  same  time  it  is  a  carminative  and  antiseptic  all  along  the 
intestinal  tract.  Its  antiseptic  properties  are  due  to  the  presence  of  a 
volatile  oil  contained  in  the  root.  This  oil  is  obtained  by  distillation.  It 
is  pale  yellow  and  nearly  colorless,  heavier  than  water,  but  very  volatile, 
having  a  pungent,  acrid  taste.  Horse  radish  contains  a  large  amount  of 
sulphur  in  an  organized  form  and  is  a  most  valuable  antiscorbutic  condi- 
ment. In  addition  to  its  useful  qualities  already  mentioned,  it  is  valuable 
in  the  dietotherapy  of  cbronic  rheumatism,  sciatica  and  various  dropsical 
conditions. 

Kohlrabi. — Kohlrabi,  or  turnip  cabbage,  represents  a  curious  vari- 
ety of  the  turnip  and  cabbage  families  in  which  the  reserve  material  of 
the  plant  is  stored  in  a  tuber-like  enlargement  of  the  stem  just  above  the 
surface  of  the  soil  rather  than  beneath.  While,  strictly  speaking,  it  does 
not  belong  to  the  class  of  roots  and  tubers,  yet  it  is  so  similar  to  them  that 
it  is  included  in  this  study  of  succulent  roots  and  tubers.  Although  it  re- 
sembles them  in  flavor,  kohlrabi  is  more  delicate  than  either  the  turnip 
or  the  cabbage.  As  a  vegetable  it  is  at  its  best  in  the  early  summer,  when 
it  is  young  and  tender,  although  it  is  commonly  found  in  the  markets  until 
late  autumn.  Its  chemical  composition  may  be  seen  in  the  table  on 
page  420. 

Skirret. — Skirret  is  a  root  vegetable  grown  in  Europe,  America, 
Asia,  China  and  other  countries.  When  boiled  the  roots  resemble  the 
parsnip  and  are  eaten  with  white  sauce;  half  boiled  they  are  fried  and 
eaten  with  pepper  and  other  condiments.  This  vegetable  was  known  to 
the  Romans  and  Greeks  of  the  middle  ages.  It  contains  considerable  cane 
sugar.     The  roots  are  sweet  after  boiling  and  a  fine  white  sugar  can  be 
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obtained  from  them.  Thej  are  esteemed  for  this  property  by  some  people 
who  consider  them  the  finest,  whitest  and  pleasantest  roots  grown. 

Arrowhead  Tubers. — Arrowhead  tubers  are  common  articles  of  food 
in  some  countries.  The  American  Indians  called  it  wappato.  The  tubers 
are  small,  the  interior  yellow,  farinaceous  and  of  the  consistency  of  the 
potato.  The  high  percentage  of  protein  proves  their  superiority  to  pota- 
toes, sweet  potatoes  and  yams.  Starch  is  the  most  important  carbohy- 
drate, although  cane  sugar  is  present.  Their  percentage  composition  may 
be  studied  on  page  420. 

Dahlias. — Dahlias  are  more  appreciated  for  their  flowers  than  for 
their  tubers,  notwithstanding  attempts  have  been  made  to  introduce  this 


Fig.  38. — Dasheen  Plant  at  Brooksville,  Florida.  Hills  as  they  appear  at  the 
time  of  harvest,  early  in  November,  7^2  months  after  planting.  One  of  these  hills 
produced  26  pounds  of  corms  and  tubers.  A  good  average  yield,  however,  in  rich 
soil  is  from  6  to  8  pounds,  or  360  to  475  bushels  per  acre.  (Yearbook  for  1916, 
U.  S.  Dept.  Agric.) 


tuber  as  a  succulent  vegetable  food.  The  tubers  are  rich  in  carbohydrate, 
especially  inulin,  and  contain  little  or  no  starch.  They  are  recommended 
as  an  addition  to  the  dietary  for  diabetics. 

Water  Chestnuts. — Water  chestnuts  grow  wild  in  swampy  ground. 
The  tubers  are  sweet,  juicy  and  resemble  the  chestnut  in  flavor.  They 
have  a  brown  skin  and  white  interior. 

Upon  examination  their  composition  has  been  found  to  be  as  follows : 
water,  77.29  per  cent;  protein,  1.53  per  cent,  including  albuminoid,  1.16 
per  cent;  amids,  0.37  per  cent;  fat,  0.15  per  cent;  starch,  7.34  per  cent; 
cane  sugar,  6.35  per  cent;  reducing  sugar,  1.94  per  cent;  fiber,  0.94  per 
cent,  and  ash,  1.19  per  cent.  The  striking  feature  is  the  high  proportion 
of  sugars,  which  gives  them  a  sweet  taste  and  makes  them  of  value  as  a 
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Fkj.  39. — An  Klkvkx-Poini)  Hill  of  Dashekx  C'okms  and  Tcijkhs,  with  Soil  and 
IvooTS  Kkmovei),  in  Actual  Position  of  CIbowtii.  (Yearbook  for  1910,  U.  S. 
Dept.  Agric.) 


raw  food.  The  protein  is  principally  albumin.  The  principal  element  in 
the  ash  is  manganese.  (Analysis  by  Blaisdale  in  Bull.  68,  U.  S.  Dept. 
Agric. ) 

Celeriac. — Celeriac  is  closely  related  to  ordinary  celery.     It  is  a  cul- 
tivated variety,  sometimes  known  as  turnip-rooted  celery.     The  roots  are 


Fig. 


40. — Dasheex  Cormet.s,  or  "Titters."  Tiibers  of  the  prade  here  shown  are  re- 
ferred to  as  first-grade  tubers  and  are  about  two-thirds  natural  size.  With  many 
of  smaller  size  or  irregular  shape,  they  grow  clustered  around  one  or  more  large 
corms.  Under  proper  soil  conditions  they  are  of  excellent  quality  and  command  a 
much  better  price  than  the  smaller  and  irregularly  shaped  ones.  (Yearbook  for 
1916.  U.  S.  Dept.  Agric.) 
29 
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white,  more  or  less  globular  in  shape  and  closely  resemble  turnips  in  ap- 
pearance. This  vegetable  has  a  pronounced  celery  flavor  and  when  cooked 
does  not  differ  greatly  from  ordinary  stewed  celery. 

As  will  be  seen  by  consulting  Eig.  37,  page  424,  they  have  much  the 
same  composition  as  other  succulent  roots. 

Dasheen. — Dasheen  is  a  vegetable  of  the  tuber  variety  readily  grown 
in  semi-tropical  climates.  It  is  a  staple  food  for  millions  of  people  in 
tropical  countries.  They  have  a  flavor  when  boiled  or  baked  simulating 
that  of  boiled  chestnuts.  Dasheens  have  been  successfully  grown  in  South 
Carolina  and  Florida.     (See  Figs.  39  and  40,  page  427.) 

Dasheen  roots  are  similar  in  composition  to  the  potato,  but  contain 
more  starch  and  protein. 

Lily  Bulbs. — Lily  bulbs  have  long  been  used  as  articles  of  food  by 
the  Orientals  of  several  Asiatic  races.  They  are  more  of  a  delicacy  than 
a  standard  article  of  diet.  The  bulbs  are  prepared  for  eating  by  boiling 
or  they  may  be  slightly  roasted  and  served  with  sugar.  Prepared  in  this 
way,  they  are  considered  a  desirable  food  for  invalids  and  convalescents. 
The  tuber  is  nourishing  and  wholesome,  and  is  believed  by  the  Asiatics 
to  be  of  value  to  people  suffering  from  pulmonary  complaints. 

In  composition  they  contain  a  small  amount  of  protein,  more  than  that 
found  in  potatoes.  The  chief  carbohydrate  is  starch,  but  cane  sugar  is  also 
found.     There  is  an  abundance  of  pectose-like  substances. 

The  Lotus. — The  lotus  of  Asia  belongs  to  the  family  of  water  beans 
and  has  been  used  from  time  immemorial  as  a  food  material  by  the  Hin- 
doos, who  regard  the  plant  with  much  veneration.  The  lotus  occupies  a 
prominent  place  as  a  food  in  Japan,  China,  Indo-China  and  other  Asiatic 
countries.  There  are  several  varieties.  The  roots  consist  of  yellowish 
nodular  stocks  with  a  firm,  reddish,  fleshy  interior.  They  contain  an 
abundance  of  starch,  while  the  amount  of  nitrogenous  material  is  small, 
one-half  of  which  is  albuminoid.  The  roots  are  boiled  and  eaten  like  pota- 
toes, pickled  in  salt  and  vinegar  and  eaten  with  rice,  or  dried  and  pow- 
dered and  added  to  soups.  The  lotus  has  a  seed  which  when  dried  is  eaten 
as  we  eat  filberts  or  other  nuts.  They  are  also  used  in  soup  in  China  and 
Japan,  while  in  Egypt  they  are  roasted  and  ground  into  meal.  The  seeds 
compare  favorably  with  beans  and  peas,  some  of  which  they  resemble  in 
flavor.     They  are  equally  nutritious. 

Sago. — Sago  is  the  starchy  substance  obtained  from  the  pith  of  various 
palms  growing  in  the  tropics,  and  while  not  a  tuber  or  root  it  is  included 
in  this  section  for  the  sake  of  convenience.  Sago  starch  is  obtained  from 
the  sago  palm.    It  is  the  inner  pith.    Each  tree  yields  about  five  hundred 
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pounds  of  this  material.  The  pith  is  removed  by  scraping,  reduced  to  a 
pulp,  mixed  with  cold  water  and  agitated  until  the  starch  falls  otf.  The 
starch  granules  of  the  finished  product  arc  sago  grains  of  large  and  irregu- 
lar shape,  often  nearly  spherical.  Thv  grains  are  classed  as  medium  and 
bullet  sago.  The  latter  is  used  principally  for  making  puddings  to  which 
milk,  eggs,  butter  and  sugar  are  added.  In  fuel  value  such  puddings  com- 
pare favorably  in  nutritious  value  with  rice  pudding  and  are  etjually  suit- 
able for  food.  They  are  very  easily  digested  and  in  absorption  very  little 
residue  is  left. 

TAriocA. — Tapioca  is  a  species  of  manioc  cassava  and  is  derived  from 
a  tuberous  root.  Its  cultivation  and  use  are  of  great  antiquity.  The  roots 
of  this  vegetable  grow  from  ten  to  twelve  inches  in  length  and  three  to 
four  inches  in  thickness,  usually  in  clusters  of  three  to  eight  in  number. 

Tlie}^  are  so  similar  to  cassava  in  chemical  composition  and  nutritive 
value  that  the  reader  is  referred  to  this  vegetable,  described  on  page  418. 

Onions. — Onions,  while  most  commonly  used  for  flavoring  purposes, 
are  also  used  as  a  food.  There  are  said  to  be  some  seventy-eight  varieties  of 
onions,  man}^  of  which  are  used  as  vegetable  foods.  They  may  be  described 
as  bulbs  growing  under  ground;  characterized  by  their  strong  flavor  and 
odor,  due  to  the  presence  of  allyl  sulphide  a  characteristic  organic  com- 
pound of  sulphur.  The  common  onion  in  its  many  varieties  is  best  known 
and  most  used  in  the  United  States.  As  with  most  vegetables,  the  young 
and  somewhat  immature  onion  is  preferred  to  the  fully  matured  bulbs. 
The  white  varieties  are  milder  in  flavor  than  the  red  and  yellow,  and  are 
generally  preferred  as  table  vegetables. 

Onions  are  succulent  and  tender  and  are  as  thoroughly  digested  and 
as  freely  absorbed  as  other  similar  vegetables.  They  are  considered 
wholesome  and  have  been  prized  since  the  earliest  times  as  a  valuable  addi- 
tion to  the  diet.  Their  peculiar  characteristic,  sulphur  compound,  is  be- 
lieved to  stimulate  the  flow  of  digestive  juices  and  to  act  as  a  mild  laxa- 
tive. They  impart  an  unpleasant  odor  to  the  breath.  Since  onions  con- 
tain no  appreciable  amount  of  starch  and  an  infinitesimal  amount  of 
sugar,  they  are  usually  allowed  to  diabetics. 

Their  chemical  composition  is  somewhat  similar  to  other  succulent 
roots,  as  will  be  observed  by  referring  to  Fig.  37,  page  424.  They  contain 
rather  large  quantities  of  cellulose,  more  particularly  in  the  outer  layers. 

Garlic. — Garlic  belongs  to  the  onion  family  and  is  more  of  a  condi- 
ment than  a  food.  Its  use  stimulates  appetite  and  promotes  digestion, 
expelling  flatus.  Garlic  quickens  the  circulation,  excites  the  nervous  sys- 
tem and  acts  as  a  tonic  and  carminative.    In  this  country  it  is  little  eaten 
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save  by  the  foreign  population.  This  is  perhaps  unfortunate,  for  if  rightly 
used,  garlic  undoubtedly  adds  to  the  palatability  of  salads,  meats  and 
other  dishes. 

Shallot. — Shallot  is  a  variety  of  the  onion  family  and  is  much  es- 
teemed in  European  countries  for  its  flavoring  qualities. 

GREEN    VEGETABLES 

Green  Veg^etables. — The  leaves  of  green  vegetables  consist  of  a  frame- 
work of  fibro-cellular  tissue  upon  which  the  chlorophyl-bearing  protoplas- 
mic plant  cells  are  spread  out  to  the  air  and  light.  This  breadth  of  sur- 
face of  the  green  leaves  is  for  the  respiration  and  nutrition  of  the  plant. 
Since  respiration  is  the  chief  function  of  the  leaves,  they  contain  only  a 
limited  amount  of  nutriment.  Green  vegetables  are,  in  no  sense,  like  the 
roots  and  tubers,  reserve  storehouses  of  nutritive  food  elements. 

COMPOSITION  OF  GREEN  VEGETABLES.— Green  vegetables  are  rather 
poor  in  solid  material,  owing  to  the  fact  that  water  forms  a  high  per- 
centage of  their  composition.  The  nitrogenous  matters  in  the  leaves  of 
green  vegetables  do  not  exceed  2  or  3  per  cent,  one-half  of  which  is  pro- 
tein. The  remainder  consists  of  amids,  ammonia  salts,- including  nitrates 
and  other  bases.  The  non-nitrogenous  materials  include  2.5  per  cent  of 
sugars,  besides  starch  and  pentosans,  making  a  total  carbohydrate  content 
of  2  to  10  per  cent  and  about  2  per  cent  of  fibro-cellulose. 

FOOD  VALUE  OF  GREEN  VEGETABLES.— The  food  value  of  green  vege- 
tables is  not  very  great,  as  proven  by  chemical  analysis,  which  shows  them 
to  be  defective  as  a  source  of  nutriment  for  man.  While  the  value  of  vege- 
tables to  mankind  cannot  be  estimated  in  terms  of  protein,  fat  and  carbo- 
hydrate, yet  aside  from  the  small  amount  of  energy  they  furnish,  their 
chief  importance  is  not  alone  the  pleasing  variety  and  palatability  they 
add  to  the  dietary,  but  they  are  a  source  of  supply  of  organic  acids  and 
mineral  salts.  These  ingredients  render  green  vegetables  an  absolute 
necessity  for  our  well-being.  Their  bulk  stimulates  peristalsis  and  main- 
tains a  healthy  activity  of  the  alimentary  tract. 

Travelers  and  sailors  who  go  beyond  the  reach  of  fresh  green  vege- 
tables suffer  from  scurvy  or  other  signs  of  ill  health,  due  to  the  fact  that 
they  are  deprived  of  the  organic  acids  and  vitamines  contained  in  this 
class  of  food.  There  is  no  question  but  that  many  forms  of  ill  health  are 
fostered  if  not  created  by  the  absence  of  such  vegetables  from  the  dietary 
of  people  living  both  in  town  and  country.  "All  vegetables  contain  impor- 
tant salts  and  mineral  matter  in  the  forms  of  oxalates,  citrates,  phosphates 
and  sulphates,  besides  free  organic  acids,  which  play  an  important  role  in 
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our  physiological  economy."  Such  salts  are  just  as  important  a  necessity 
for  our  blood  and  secretions  as  the  proteins  for  renewing  our  tissue  and 
carbohydrates  for  producing?  energy.  Tibbies  believes  that  these  salts 
enter  the  vegetables  from  the  earth  by  way  of  the  vegetable  roots,  in  the 
form  of  ions  and  circulate  as  ions  through  the  plant  fluids  and  tissues, 
and  that  such  ionized  salts  are  the  prime  sources  of  the  great  value  of 
fresh  vegetables  to  the  human  economy. 

Composition  of  Green  Vegetables. — The  table  on  page  432,  taken 
partly  from  Hutchison,  gives  the  composition  of  the  various  chemical 
elements  found  in  green  vegetables  and  the  energy  or  fuel  value  in 
calories  per  pound. 

A  well-balanced  dietary  contains  a  liberal  allowance  of  fresh  vege- 
tables, such  as  cabbage,  cauliflower,  potato,  lettuce,  tomatoes,  celery,  tur- 
nip, cucumbers,  asparagus,  etc.,  or  other  salads  or  fruits.  One  or  more 
of  these  vegetables  should  constitute  a  portion  of  at  least  one  meal  each 
day.  The  mineral  salts  from  such  vegetables  render  the  blood  and  urine 
more  alkaline  and  the  indigestible  fiber  or  cellulose  by  its  bulk  acts  as  a 
stimulant  to  the  movements  of  the  alimentary  tract,  promotes  secretion  of 
the  intestinal  fluids  and  thereby  counteracts  a  tendency  toward  constipa- 
tion. Fresh  vegetables  play  an  important  role  in  the  treatment  of  disease 
and  are  of  especial  value  to  people  who  suffer  from  constipation,  liver  dis- 
ease, gout,  gravel,  rheumatism,  diabetes,  scurvy,  purpura,  anemia  and 
various  disorders  of  the  integumentary  system. 

COOKING  OF  VEGETABLES.— Vegetables  may  be  cooked  by  boiling, 
roasting  or  baking;  some  are  equally  palatable  cooked  either  way.  In 
boiling  vegetables  it  is  well  to  advise  that  they  be  boiled  in  soft  water,  for 
the  reason  that  when  hard  water  is  used,  a  layer  of  lime  or  magnesia  salts 
is  deposited  upon  them,  preventing  the  free  penetration  of  heat  into  the 
interior.  This  delays  the  process  of  cooking  and  often  spoils  their  ap- 
pearance. Some  vegetables  lose  a  considerable  part  of  their  nutrient  com- 
pounds, especially  the  soluble  materials,  by  being  boiled.  In  these  steam- 
ing is  a  better  method. 

DIGESTIBILITY  OF  VEGETABLES.— Regarding  the  digestibility  of  vege- 
tables much  depends  upon  the  amount  and  character  of  their  cellulose 
cjiitent.  Young  and  tender  vegetables  contain  very  little  cellulose.  Slow 
growth,  on  the  other  hand,  favors  the  formation  of  fibrous  tissues.  Per- 
sons in  robust  health,  leading  active  out-of-door  lives  and  having  normal 
healthy  stomachs,  are  able  to  digest  vegetables  easily,  but  in  aged  persons, 
in  those  who  follow  sedentary  occupations,  in  invalids  and  in  young  chil- 
dren, the  digestive  functions  v.re  neither  so  powerfid  nor  so  energetic. 
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COMPOSITION  OF  GREEN  VEGETABLES 


Vegetable 


Water 


Protein 


Fat 


Carbo- 
hydrate 

Ash 

% 

% 

5.8 

1.30 

0.4 

0.13 

4.7 

0.80 

3.8 

0.60 

0.3 

0.20 

3.8 

1.70 

2.6 

0.50 

0.2 

0.05 

3.4 

1.30 

5.0 

0.70 

5.0 

0.70 

8.9 

3.50 

2.6 

1.00 

0.5 

0.40 

5.8 

0.70 

3.3 

0.90 

0.8 

0.50 

7.1 

1.50 

2.3 

0.60 

4.5 

1.00 

3.7 

1.30 

2.1 

0.40 

0.7 

0.20 

2.9 

0.90 

9.0 

0.30 

3.0 

0.80 

6.0 

1.60 

5.8 

0.70 

2.9 

1.70 

7.20 

2.50 

6.30 

1.20 

9.90 

3.50 

10.60 

4.60 

3.80 

1.60 

6.30 

2.40 

5.60 

2.10 

7.10 

1.70 

6.30 

2.20 

3.80 

1.80 

4.30 

1.80 

Fiber 


Fuel 
Value 

per 
pound 


Cabbage 

Cabbage,  cooked 

Cauliflower 

Sea-kale 

Sea-kale,  cooked 

Spinach 

Vegetable  Marrow. 

Vegetable  Marrow,  cooked 

Brussels  Sprouts 

Tomatoes 

Tomatoes,  cooked 

Greens 

Lettuce. , 

Lettuce,  cooked 

Leeks 

Celery 

Celeiy,  cooked 

Turnip  Cabbage. 

Rhubarb 

Macedoine  (tinned) 

Water  Cress 

Cucumber 

Cucimiber,  cooked 

Asparagus 

Salsify,  cooked 

Endive 

Savoys 

Red  Cabbage 

Sauerkraut 

Carrot-tops 

Colewort  or  Collards 

Curly-kale  or  Greens 

Dandehon  leaves 

Marigold  leaves 

Parsnip  leaves 

Turnip  Cabbage,  Kohl-rabi 

Tumip-tops 

White 

Swede 


% 
89.6 
97.4 
90.7 
93.3 
97.9 
90.6 
94.8 
99.2 
93.7 
91.9 
94.0 
82.9 
94.1 
97.2 
91.8 
93.4 
97.0 
87.1 
94.6 
93.1 
93.1 
95.9 
97.4 
91.7 
87.2 
94.0 
87.0 
90.0 
91.0 
84.00 
87.10 
82.90 
81.40 
90.00 
85.70 
87.30 
87.10 
86.70 
88.00 
86.50 


% 
1.80 
0.60 
2.20 
1.40 
0.40 
2.50 
0.06 
0.09 
1.50 
1.30 
1.00 
3.80 
1.40 
0.50 
1.20 
1.40 
0.30 
2.60 
0.70 
1.40 
0.70 
0.80 
0.50 
2.20 
1.20 
1.00 
3.30 
1.80 
1.40 
3.20 
4.50 
3.80 
2.40 
2.00 
2.00 
3.90 
2.60 
4.20 
2.50 
3.20 


% 
0.40 
0.10 
0.40 
0.40 
0.07 
0.50 
0.20 
0.04 
0.10 
0.20 
0.20 
0.90 
0.40 
0.16 
0.50 
0.10 
0.06 
0.20 
0.70 
0.70 
0.50 
0.10 
0.02 
0.20 
0.08 
0.08 
0.70 
0.19 
0.70 

.60 

.90 

1.00 


1.50 
.20 
.60 


% 
1.10 
1.30 
1.20 
0.90 
1.10 
0.90 
1.30 
0.37 
0.37 
1.10 
1.50 
1.50 
0.50 
0.90 
0.90 
0.90 
1.00 
1.30 
1.10 
1.10 
0.10 
0.50 
0.90 
2.10 
2.20 
0.60 
1.20 
1.20 
0.90 
3.10 

1.50 

2.60 
2.60 

1.30 

3.90 
4.20 


Cals. 
165 
165 
175 
175 
175 
120 
120 
120 
95 
105 
105 
275 
105 
105 
105 
85 
85 
145 
105 
110 
110 
70 
70 
110 
110 
110 
110 
110 
110 


These  classes  of  individuals  do  not  digest  all  kinds  of  vegetables  well. 
Their  digestion  is  slower  and  the  motor  power  of  their  stomachs  more 
feeble,  so  that  vegetable  matter  may  remain  longer  in  the  stomach,  causing 
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pain  or  generating  flatus,  perhaps  giving  rise  to  other  unpleasant  symp- 
toms. 

Digestibility  of  Cooked  Vegetables. — Science  has  established  the 
fact  that  a  well-balanced  diet  is  composed  of  the  proper  combination  of 
animal  and  vegetable  food ;  nevertheless  there  are  individuals  who  cannot 
eat  vegetables  in  their  ordinary  form  after  cooking,  without  suffering 
from  discomfort  for  a  longer  or  shorter  time.  For  such  persons  vegetables 
should  be  prepared  in  the  form  of  a  puree  or  served  in  a  consomme.  The 
preparation  of  vegetable  dishes  for  invalids  requires  some  skill.  The 
cooked  vegetable  should  be  phiced  in  a  mortar  and  pounded  until  reduced 
to  a  pulp.  It  should  be  rubbed  through  a  sieve  to  remove  the  cellular 
liber  and  other  refuse.  It  should  then  be  warmed  in  a  stew  pan  with  a 
little  milk  or  cream  and  flavored  with  pepper  and  salt.  Persons  who  suf- 
fer from  indigestion,  flatulence,  gastric  or  intestinal  disorders  will  be  able 
to  digest  most  vegetables  with  impunity  if  so  prepared. 

The  effect  of  cooking  upon  green  vegetables  reduces  largely  their 
present  poor  stock  of  nutrients.  They  gain  water  and  lose  part  of  their 
carbohydrate  and  protein  content.  Much  of  their  mineral  matter  as  well 
as  the  principal  part  of  their  non-albuminoid,  nitrogenous  constituents 
are  lost,  including  the  non-protein  nitrogen,  30  to  50  per  cent  of  the 
carbohydrates,  50  per  cent  of  the  inorganic  salts  and  at  least  one-third  of 
the  total  nutrients.  This  happens  when  they  are  boiled,  but  not  so  when 
stewed  or  baked. 

Digestibility  of  Raw  Vegetables. — Some  vegetables  are  eaten  raw, 
such  as  celery,  lettuce,  water  cresses,  tomatoes,  cucumbers,  or  cabbage 
made  into  cold  slaw,  etc.  Usually  raw  vegetables  are  prepared  by  the 
addition  of  salt,  olive  oil,  vinegar,  pepper  and  other  condiments.  Wlien 
these  vegetables  can  be  secured  crisp  and  fresh  there  is  no  reason  why 
they  should  not  be  thus  served;  the  only  caution  to  be  observed  is  that 
they  should  be  scrupulously  clean  and  thoroughly  masticated.  The  chew- 
ing should  be  continued  until  they  are  reduced  to  a  creamy  pulp,  when 
they  will  be  easily  taken  care  of  by  the  digestive  system  and  seldom  give 
rise  to  any  discomfort. 

VARIETIES  OF  VEGETABLES:  CABBAGE.— Cabbage  belongs  to  the  N.  O. 
of  Cruciferce.  This  plant  was  probably  first  cultivated  by  the  Saxons  and 
early  Germans.  Its  cultivation  as  a  foodstuff  was  begim,  probably,  before 
the  Aryan  invasions.  Cabbages  are  used  as  food  on  account  of  their  agree- 
able flavor  and  succulent  character.  They  are  also  important  on  account 
of  their  antiscorbutic  properties.  They  seem  to  have  been  evolved  by 
natural  or  artificial  selection  from  the  wild  coleworts  or  collards  that  grow 
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wild  on  the  seashore  in  many  countries.  The  leaves  rising  from  the  root 
stalk  are  gathered  together  to  form  a  compact  head,  and  in  this  way  the 
light  is  excluded.  They  become  white  from  want  of  chlorophyl  and  are 
crisp  and  tender.  Cabbages  contain  a  considerable  quantity  of  sulphur 
and  on  this  account  are  apt  to  cause  flatulence.  Where  digestion  is  good, 
however,  they  are  a  wholesome  vegetable.  Cabbage  is  eaten  boiled  or  raw. 
After  cooking  it  contains  more  water  than  in  the  green  state.  When  eaten 
raw  the  cabbage  contains  more  nutrients  than  after  boiling,  since  a  certain 
percentage  of  the  nutrients  is  lost  in  the  water. 

By  referring  to  the  table  on  page  432  it  will  be  noted  that  in  composi- 
tion there  will  be  found  some  sugar  and  starch  with  a  rather  high  con- 
stituent of  protein.  The  calcium  content  should  not  be  overlooked,  as  it 
probably  gives  the  cabbage  antiscorbutic  and  bone-building  properties. 

The  varieties  of  the  cabbage  family  are  so  similar  in  composition  and 
food  value  that  we  need  do  no  more  than  mention  them.  Starting  with 
the  simplest  form  of  the  cabbage  plant,  we  have  the  collard.  Kale  or  hore- 
cale  has  two  varieties — the  "curly  kale"  and  "asparagus  kale'' ;  the  former 
is  very  tender  when  cooked  and  of  mild  flavor ;  the  latter  is  a  dwarf  vari- 
ety, which  throws  out  long  shoots.  These  when  properly  cooked  are  as 
tender  and  delicious  as  asparagus. 

Cauliflower  was  known  to  the  Greeks  and  Romans,  but  was  not  much 
cultivated  in  Europe  until  after  the  sixteenth  century.  It  is  the  most 
digestible  member  of  the  cabbage  family.  It  is  much  more  delicate  in 
flavor  and  more  digestible  than  the  ordinary  cabbage,  and  is  wholesome 
when  boiled  and  served  with  a  milk  sauce.  The  edible  portion  consists  of 
the  inflorescence  altered  by  cultivation. 

Brussels  sprouts  is  a  variety  of  cabbage  having  blistered  leaves.  The 
stem  of  the  plant  is  covered  with  small  miniature  heads  of  cabbage,  which 
are  the  edible  portion  of  the  plant. 

Broccoli  sprouts  embrace  many  strains  of  the  cabbage  family.  The 
leaves  of  this  variety  resemble  the  cauliflower;  they  are  the  part  used 
for  food. 

Sealcale  is  a  native  of  the  cliffs  of  the  shores  of  England.  It  is  a 
green  vegetable  with  young  and  tender  shoots  and  is  held  in  special  regard 
by  the  inhabitants  of  Great  Britain.  It  has  been  brought  to  a  high  state 
of  perfection  by  cultivation,  and  when  properly  cooked  is  easy  to  digest 
and  very  nutritious. 

Spinach. — Spinach  is  a  green  vegetable  said  to  have  been  cultivated 
in  the  ancient  empire  of  the  Medes  and  Persians.  It  was  grown  exten- 
sively as  early  as  the  sixteenth  century.     There  are  two  varieties  of  the 
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j)laiit,  one  winter  or  perpetual  spinach  having  small  prickly  leaves,  the 
other  a  smooth  leaf  variety  having  thick,  fleshy  and  crimped  leaves.  It 
is  of  special  value  as  a  green  vegetable  owing  to.the  very  small  amount  of 
cellulose  which  it  contains. 

Lettuce. — Lettuce  is  one  of  the  most  important  of  all  the  succulent 
vegetables.  It  was  introduced  into  Kngland  from  Flanders  in  1520. 
There  are  many  varieties,  some  of  which  are  spreading  and  have  large 
succulent  leaves,  while  others  are  drawn  together  like  the  cabbage  and  are 
very  crisp  and  nearly  white  in  color.  There  are  several  species  and  about 
one  hundred  varieties,  of  which  Cos  or  leaf  lettuce  from  the  Island  of 
Cos  and  cabbage  lettuce  are  the  two  most  important.  Lettuce  is  usually 
eaten  raw  as  a  salad,  but  is  sometimes  boiled  and  eaten  as  a  vegetable. 
There  is  very  slight  food  value  in  lettuce,  although  its  mineral  salts  are  of 
use  in  the  processes  of  metabolism.  It  is  a  wholesome,  digestible,  cooling 
and  agreeable  vegetable,  chiefly  valuable  for  its  juice,  which  is  bland, 
pellucid,  has  little  taste  or  smell  and  is  cooling  and  soothing.  The  juice  is 
milky  and  possesses  mild  soporific  properties.  When  the  plant  is  matured 
the  juice  is  collected,  inspissated  and  forms  lettuce-opium,  lactucarium. 
The  principal  salts  are  the  oxalate,  malate,  nitrate  and  sulphate  of  potash, 
chlorid  of  potash,  and  phosphates  of  lime  and  magnesia,  oxids  of  mag- 
nesia, iron  and  silica.     The  plant  also  contains  traces  of  hyoscyamin. 

Celery. — Celery  grows  wild  in  damp  and  marshy  places  in  Europe, 
Asia  and  Africa.  Its  cultivation  is  very  ancient  and  is  spoken  of  in  the 
Odyssey  under  the  name  of  selinon.  There  are  about  forty  varieties  and 
many  more  sub-varieties.  It  was  brought  from  England  to  the  United 
States  and  gradually  has  come  into  common  use.  At  present  it  is  consid- 
ered a  valuable  addition  to  our  supply  of  foods  and  condiments.  The  long 
blanched  leaf  stalks  are  the  result  of  cultivation,  which  with  careful  selec- 
tion and  development  have  lost  their  rank  odor  and  the  coarse  taste  of  the 
wild  plant.  Some  of  the  varieties  of  superior  quality  are  large  compact 
plants,  crisp  and  juicy  and  have  a  fine  nutty  flavor.  The  entire  plant, 
stems  and  seeds  possess  stimulating,  carminative  and  diuretic  properties. 
Celery  is  especially  recommended  for  rheumatics.  Its  peculiar  odorifer- 
ous principle  is  due  to  an  essential  oil  which  is  found  in  very  small  quan- 
tities and  regarded  by  some  as  of  therapeutic  importance.  Celery  salt  is 
made  by  grinding  celery  seed  with  sodium  chlorid.  It  is  used  as  a  flavor- 
ing for  soups  and  salads.  Turnip  celery  has  already  been  considered  on 
page  427. 

RiTUBAjiB. — Rhubarb  is  a  valuable  article  of  diet,  rich  in  vegetable 
salts.     It  is  in  season  when  fruits  are  scarce.     The  plant  belongs  to  the 
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buckwheat  family  and  is  often  called  pie  plant.  Rhubarb  is  used  for  mak- 
ing pies  and  sauce.  The  thick  petioles  or  foot  stalks  of  the  leaves  are  used 
for  this  purpose.  Rhubarb  occupies  the  same  place  in  the  dietary  as  fruit, 
but  is  uneatable  in  its  raw  state.  Wine  and  other  beverages  are  made 
from  it.  Its  use  as  a  food  or  beverage  is  contra-indicated  in  persons  of  a 
gouty  diathesis  and  those  with  oxalate  of  lime,  also  in  some  forms  of  rheu- 
matism, owing  to  the  presence  of  calcium  oxalate  in  its  content.  In 
medicine  this  plant  is  appreciated  for  its  slightly  laxative  action. 

Below  is  appended  a  table,  showing  cost  per  pound  and  cost  of  1,000 
calories  of  some  of  the  common  vegetables,  from  the  publication  of  the 
Health 'Department  of  ^ew  York  City,  1917: 

COST   OF   VEGETABLES 

Cost  of  1,000  Price  per 

Calories,  Pound, 

Cents  Cents 

Turnips   20.0  2.5 

Sweet   potatoes    21.8  10.0 

White  potatoes    25.8  4.0 

New   beets    27.6  5.0 

Onions 29.3  6.0 

Spinach   30.0  3.3 

Green  peas   39.2  10.0 

Lima   beans 39.2  10.0 

Cauliflower    42.9  6.0 

Carrots 50.0  8.0 

String  beans    55.6  10.0 

Squash  76.2  8.0 

Lettuce 89.4  7.0 

Celery 214.0  15.0 

Water  Cress. — Water  cress  grows  in  rivulets,  clear  ditches  and 
ponds.  It  is  cultivated  in  Europe,  Asia  and  N^orth  Africa.  Its  origin  is 
obscure,  but  probably  the  plant  came  from  Persia.  The  leaves  have  a 
moderately  pungent  taste  and  are  highly  esteemed  as  a  salad,  especially 
for  their  antiscorbutic  properties.  There  are  several  varieties  of  plants 
called  cress.  The  garden  cress,  of  which  there  are  "curly"  and  "broad" 
leaved  varieties,  is  also  a  valuable  antiscorbutic. 

Asparagus. — Asparagus,  sometimes  called  sparrow  grass,  has  been 
prized  by  epicures  from  the  earliest  Roman  times.  More  than  four  hun- 
dred and  fifty  years  ago  asparagus  was  grown  and  relished  in  nearly  every 
part  of  Europe.     The  plants  are  best  raised  in  well-drained,  fertile  soil. 
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It  is  a  wholesome  and  nutritious  vegetable  and  one  of  the  great  delicacies 
of  the  garden.  It  is  a  very  early  vegetable.  Asparagus  should  be  cooked 
fresh  by  boilinj^  twenty  inimitos.  When  wilted,  the  flavor  is  injured. 
Asparagus  contains  cellular  tissue  which  encloses  a  substance  similar  to 
sago,  besides  albumin,  or  glutin,  asparagin,  mannite,  malic  acid,  car- 
bonates and  phosphates  of  calcium,  and  other  salts.  Its  nitrogenous  sub- 
stance is  only  half  protein.  The  chief  non-protein,  nitrogenous  substance 
is  asparagin,  which  acts  as  an  aperient  and  quickly  passes  out  of  the  sys- 
tem through  the  urine.  Its  odor* is  characteristic.  Asparagus  is  credited 
with  being  of  value  to  persons  sutFering  from  nervous  affections,  palpita- 
tion and  heart  neuroses. 

Endive. — Endive,  sometimes  called  white  chickory,  is  a  plant  grow- 
ing wild  in  all  the  countries  surrounding  the  Mediterranean  sea.  The 
blanched  leaves  are  the  portions  used,  and  although  they  would  be  acrid 
and  tough  if  exposed  to  the  air,  the  blanching  makes  them  crisp  and  ten- 
der. The  green  tops  are  eaten  as  a  salad.  This  vegetable  is  believed  to 
be  of  value  in  the  dietotherapeutic  treatment  of  indigestion. 

ARTTCiroKE  Greens. — Artichoke  greens  are  the  immature  flower  buds 
of  a  kind  of  cultivated  thistle,  and  is  a  well-known  garden  plant.  It  is  a 
native  of  Southern  Europe.  The  flower  head  is  gathered  before  the  flower 
expands.  The  succulent  base  together  with  the  central  disc  and  leafy  scales 
furnish  a  delicious  and  most  delicately  flavored  vegetable.  Artichoke  is 
boiled  in  plain  water  or  milk  and  eaten  with  white  sauce,  pepper  and  salt, 
or  other  condiments.  They  are  diuretic  and  as  they  contain  no  starch 
may  be  eaten  by  diabetics.  The  active  principle  of  artichoke  greens  is 
inulin.  The  entire  plant,  as  well  as  the  edible  portion,  contains  a  bitter 
juice,  which  when  mixed  with  an  equal  quantity  of  wine,  is  reputed  to 
be  of  great  service  in  the  relief  of 
dropsical  conditions. 

Tomatoes. — Tomatoes  were  for- 
merly grown  for  ornamental  pur- 
poses and  by  the  French  were 
termed  pomme  d'amour.  The  to- 
mato is  a  native  of  America,  either 
Mexico  or  Peru.  It  was  not  ex- 
tensively grown  until  after  1850, 
when  it  was  introduced  into  Eu- 
rope. Tomatoes  contain  one  per 
cent  of  protein,  very  little  carbo- 
hydrate, including  sucrose,  dextrose. 
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levulose  and  some  resinous  matter.  They  are  free  from  oxalic  acid,  but 
contain  citric  acid.  Green  tomatoes  are  used  for  pickles,  chow  chow, 
etc.,  while  the  ripe  tomato  is  eaten  raw  or  as  a  salad.  They  are  used 
largely  in  sauces,  soup,  ketchup,  preserves  and  confectionery.  Since  much 
of  the  nutritive  material  is  in  the  juice,  this  should  be  utilized. 

Okra. — Okra  or  gumho  belongs  to  the  N.  O.  Malvacece  and  is  of  Afri- 
can origin,  where  its  propagation  seems  to  have  begun  at  the  beginning  of 
the  Christian  era.  The  parts  used  are  the  long  pyramidal  seed  pods  which 
are  gathered  while  green.  They  are  boiled  and  eaten  with  butter  and 
spices.  In  the  process  of  cooking  no  copper,  brass  or  iron  vessels  should 
be  used,  or  the  pods  will  be  discolored.  The  young  green  pods  are  often 
stewed  and  served  like  asparagus.  The  young  seed  pods  are  mucilaginous 
in  substance  and  contain  pectose,  which  forms  a  jelly  of  the  water  in  which 
they  are  cooked.  Owing  to  this  special  mucilaginous  property,  okra  has 
become  popular  with  cooks  in  the  South,  who  use  it  in  preparing  chichen 
gumbo;  not  only  is  the  soup  flavored  with  this  product,  but  a  mucilaginous 
consistency  is  imparted  to  the  product. 

Chickoky. — Chickory  is  closely  related  to  the  endive.  The  leaves 
have  a  rather  bitter  taste  but  are  used  in  salads.  It  grows  wild  through- 
out Europe,  Africa  and  Asia.  Its  cultivation  is  ancient,  for  it  is  men- 
tioned in  the  writings  of  both  the  Greeks  and  Romans. 

.  Dandelion. — Dandelion  leaves,  when  young  and  tender,  are  highly 
prized  as  a  salad  by  many  people,  who  regard  them  much  the  same  as  tur- 
nip tops,  chickory  or  endive.  A  wine  is  also  made  by  fermenting  the 
roots  of  the  plant.  Young  dandelion  leaves  form  an  agreeable  accom- 
paniment to  pork,  veal  or  duck.  They  are  stomachic,  mildly  laxative, 
and  indirectly  increase  the  action  of  the  liver  and  kidneys. 

Sorrel. — Sorrel  is  a  common  garden  vegetable  somewhat  similar  to 
dandelion  and  endive.  When  cooked  with  the  two  latter  it  makes  an  agree- 
able accompaniment  to  veal,  pork  or  duck.  This  vegetable  is  stomachic, 
mildly  laxative  and  is  said  to  increase  the  activity  of  the  liver  and  kid- 
neys. It  should  not  be  eaten  by  persons  suffering  from  gout,  rheumatism 
or  gravel.  Sorrel  has  an  agreeable  acrid  taste  and  makes  a  pleasant 
inviting  addition  to  salads  and  sauces. 

Oraciie. — Orache  belongs  to  the  spinach  family  and  is  sometimes 
called  winter  spinach.  It  is  a  native  of  Tartary,  introduced  into  Europe 
in  1584.  There  are  several  species  of  this  vegetable  cultivated  for  the 
table.  The  leaves  have  a  slightly  acid  flavof,  for  which  they  are  esteemed. 
The  vegetable  is  cooked  and  served  the  same  as  spinach. 


VARIETIES    OF    VEGETABLE    FOODS  439 

Turnip  Tops. — Turnip  tops  or  turnip  greens  are  the  young  and  ten- 
der leaves  of  the  vegetahle  turnip.  They  are  hi^lily  prized  for  their  in- 
viting flavor,  They  are  carefully  picked,  washed  and  In^iled  with  hog's 
jowl  and  served  hot.  They  furnish  ahundant  mineral  salts  and  are  of  con- 
siderable importance  in  the  animal  metabolism  by  furnishing  an  agree- 
able variety  to  the  food  in  the  early  spring. 

Otiiek  Gkkens. — Other  greens  that  may  be  mentioned  here,  which 
are  often  called  ''pot  herbs/*  are:  hcet  tops,  narroiu  leafed  dock,  stinging 
nettle,  Swiss  chard,  plantain  leaves,  purslane  (lettuce) ^  mustard  leaves, 
poke  sprouts,  pig  weed  and  chick  weed.  These  greens  are  usually  pre- 
pared by  being  boiled  in  water  to  v.'hich  a  piece  of  bacon  has  been  added, 
and  sometimes  after  being  cooked  they  are  chopped  fine  and  served  with 
hard-boiled  eggs.  Some  of  these  green  vegetables  are  of  positive  value  in 
the  relief  of  chronic  constipation  and  indigestion  and  all  are  highly  rec- 
ommended as  furnishing  an  agreeable  addition  to  the  dietary,  especially 
in  the  early  spring,  when  green  vegetables  are  scarce.  They  stimulate  the 
appetite,  distend  the  alimentary  tract  and  make  the  blood  alkaline  which 
winter  foods  tend  to  make  acid. 

GREEN  PEAS  AND  BEANS.— Green  beans,  string  beans,  or  snap  beans 
are  the  whole  bean,  pod  and  contents.  The  crisp  succulent  pod  is  tender 
and  luscious  after  brief  boiling  and  may  be  served  as  a  side  dish  with  but- 
ter or  cream  sauce.  The  young  bean  may  be  boiled  with  bacon  and  served 
as  a  regular  vegetable  dish.  Young,  absolutely  fresh  string  beans  can  be 
thoroughly  softened  in  from  one  to  two  and  a  half  hours'  boiling.  There 
are  several  edible  varieties  of  beans  which  are  suitable  for  eating  in  the 
young  and  immature  condition.  They  are  of  importance  in  the  order 
mentioned :  the  kidney  bean,  the  dwarf  bean,  French  beans,  string  beans, 
stringless  beans,  snap  beans  and  wax  beans.  The  American  Indians  were 
cultivating  beans  when  the  white  man  first  came,  for  Ave  see  from  the 
writings  of  Champlain  that  the  Algonquins  planted  two  varieties  of 
pole  beans. 

Chemical  CoArposiTiON^  of  Beans  and  Peas. — The  chemical  compo- 
sition of  green  peas  and  beans  is  given  in  the  table  on  next  page. (28) 

Shelled  Beans. — At  a  later  stage  in  their  development  beans  are 
greatly  increased  in  size  at  the  expense  of  the  pod,  the  latter  becoming 
thin  and  leathery.  When  the  beans  have  reached  this  stage  in  their  de- 
velopment they  should  be  shelled.  The  shelled  green  beans  may  be  pre- 
pared and  served  like  green  peas. 

Shelled  beans,  which  must  also  be  fresh,  should  not  be  overcooked,  or 
they  will  lose  their  fine  flavor  and  become  yellowish  brown  in  color.     The 
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COMPOSITION  OF  GREEN  PEAS  AND  BEANS,  NUTRITIVE 
PERCENTAGE 


Material 

Water 

Protein 

Fat 

Carbo- 
hydrates 

Ash 

Fuel 
Value 

per 
pound 

Fresh  Legumes: 
Strmg  Beans 

% 
89.2 

71.9 
81.9 
58.9 
68.5 
74.6 
65.9 

% 
2.3 

4.5 
3.4 
9.4 
7.1 
7.0 
9.4 

% 

0.3 

0.5 
0.4 
.0.6 
0.7 
0.5 
0.6 

% 
7.4 

13.9 
13.7 
29.1 
22.0 
16.9 
22.7 

% 
0.8 

1.2 

0.7 
2.0 
1.7 
1.0 
1.4 

Cals. 
195 

Whole  pods  of  Dolichos 
sesquipedaUs 

365 

Sugar  Peas  or  String  Peas 
Shelled  Kidney  Beans.... 

Shelled  Lima  Beans 

Shelled  Peas 

335 
740 
570 
465 

SheUed  Cow  Peas 

620 

addition  of  butter,  after  the  vegetable  is  cooked,  improves  the  flavor  and 
greatly  increases  the  food  value  of  the  vegetable.  The  addition  of  a  little 
cooking  soda  (bicarbonate)  to  the  water  in  which  beans  are  cooked  enters 
into  combination  with  the  legumin,  rendering  the  beans  more  digestible. 

Broad  or  Windsor  Bean. — The  broad  or  Windsor  bean  is  eaten 
either  in  the  fresh  or  dry  state.  This  bean  is  sometimes  referred  to  as  a 
butter  bean  and  is  a  very  nutritious  vegetable,  a  favorite  in  the  dietary  on 
account  of  its  size  and  flavor.  They  are  especially  sought  after  in  making 
the  well-known  N'orth  American  Indian  dish  known  as  succotash. 

Green  Peas. — Green  peas  and  beans  in  their  unripe  and  immature 
state  are  used  extensively  as  vegetables.  This  vegetable  was  known  to  the 
Greeks  and  Romans  and  was  introduced  into  England  by  the  Aryans. 
Green  peas  are  frequently  referred  to  as  French  peas.  They  are  tender 
and  sweet  and  contain  a  fair  amount  of  nourishment,  which  is  a  forecast 
of  their  great  value  in  the  matured  and  ripened  state ;  but  they  are  never 
of 'the  same  nutritive  value  as  the  ripe  peas.  They  are,  with  the  excep- 
tion of  the  sugar  peas,  removed  from  the  pod  to  be  cooked,  since  the  tough 
cellular  shells  are  uneatable.  The  young  peas  become  soft  and  tender 
when  boiled,  and  are  more  digestible  than  are  the  dried  peas.  They 
contain  a  considerable  amount  of  sugar,  which  greatly  improves  their 
flavor. 

The  dried  pea  contains  more  nitrogenous  material  than  the  dried 
bean.  The  protein  of  peas  consists  chiefly  of  legumin,  a  globulin  not 
coagulated  by  heat,  and  vicilin. 
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DRIED    LEGUMES    OR    PULSES 

Dried  Legumes  or  Pulses — The  pulses  or  seeds  of  the  legumes  N.  O. 
Lcijununosd'  and  their  allies  contain  a  large  store  of  nutriment,  designed 
by  nature  for  the  use  of  the  i)lant  in  its  early  growth.  They  have  been 
used  as  a  food  from  time  immemorial  by  various  races  and  pcoi)le8.  In 
fact  their  origin  is  lost  in  the  mists  of  antiquity. 

PECULIAR  CHARACTERISTIC  OF  LEGUMES.— It  may  be  interesting  to 
note  in  passing  that  a  peculiar  characteristic  of  this  family  of  vegetables 
is  that  the  plants  not  only  furnish  a  valuable  foodstuff  for  man  and  ani- 
mals, but  at  the  same  time  the  roots  of  the  plants  have  the  peculiar  prop- 
erty of  fertilizing  the  earth  by  sending  nitrogen  into  the  soil.  This  is 
accomplished  by  the  bacteria  working  in  the  laboratories  of  the  roots. 

These  vegetables,  beans,  peas  and  lentils,  grow^  rapidly,  maturing  in 
from  three  to  four  months.  ThOy  are  cultivated  both  as  garden  crops 
and  field  vegetables.  Another  advantage  of  this  family  of  vege- 
tables is  that  they  grow  well  in  most  any  kind  of  soil,  producing  fair 
crops.  This  is  due  largely  to  the  fact  that  they  can  avail  themselves  of  a 
double  supply  of  nitrogen ;  that  which  is  contained  in  the  soil,  as  nitrites, 
nitrates  and  ammonia,  and  that  which  is  absorbed  from  the  air  through 
the  green  leaves  (lungs)  and  carried  to  the  root  nodules.  These  root  nod- 
ules possess  the  remarkable  power  of  fixing  the  free  nitrogen  of  the  atmos- 
pheric air  and  passing  it  on  for  the  use  of  the  plant. 

CHIEF  NUTRIENT  VALUE.— The  chief  nutrient  value  of  this  group  of 
vegetable  foods  is  the  richness  of  its  members  in  nitrogen,  in  virtue  of 
which  fact  they  have  been  termed  "the  poor  man's  beef."  The  entire  total 
nitrogen,  with  the  exception  of  from  3  to  5  per  cent,  is  in  the  form  of  pro- 
tein. The  chief  protein  found  in  pulses  is  legumin,  sometimes  called 
vegetable  casein,  owing  to  its  resemblance  to  the  principal  protein  of  milk. 
Legumin  unites  freely  with  salts  of  calcium,  resulting  in  a  compound 
which  is  not  soluble  in  water.  For  this  reason  peas  and  other  pulses  do 
not  readily  soften  when  soaked  in  water  containing  lime  salts  (hard 
water).  This  should  be  remembered  when  cooking  legumes  or  pulses.  In 
soaking  these  vegetables  it  is  important  to  add  bicarbonate  of  soda  if  the 
water  is  hard.  Water  containing  magnesia  has  no  effect  upon  pulses,  nor 
upon  legumin, 

ABSORPTION  OF  LEGUMES.— Since  the  purchase  of  protein  foods 
usually  adds  to  the  high  cost  of  living,  it  would  seem  that  in  beans,  peas 
and  lentils  we  have  a  cheap  and  abundant  source  of  this  food  element. 
This  is  true  to  a  certain  extent.     They  are  extensively  utilized  for  this 
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purpose.  It  happens,  however,  that  the  protein  of  the  legumes  exists  in 
the  form  of  legumin,  containing  but  little  albumin,  which,  according  to 
Voit  and  others,  is  hard  to  digest.  Legumin,  like  the  vegetable  proteins,  is 
not  so  well  or  completely  digested  as  the  proteins  of  animal  foods.  It  is 
also  a  fact  that  this  legumin  is  attacked  mainly  by  the  ferments  and  en- 
zymes in  alkaline  solutions,  principally  present  in  the  lower  part  of  the 
alimentary  tract.  "On  this  account  beans,  peas  and  lentils  are  not  readily 
acted  upon  by  the  acid  gastric  juices:  Thus  150  grams  of  lentils  in  the 
form  of  a  mash  remained  in  the  stomach  four  hours,  and  200  grams  of 
peas  in  a  similar  form  remained  in  the  stomach  four  and  a  quarter  hours, 
an  equal  weight  of  French  beans  remained  even  longer"  (29). 

If  properly  prepared  the  pulses  will  be  readily  absorbed  in  the  intes- 
tine. They  are  more  easily  digested  when  soaked  over  night  and  boiled 
with  bacon  for  some  five  or  six  hours,  placed  in  a  mortar  and  pounded  into 
a  mass;  then  pressed  through  a  fine  sieve  and  made  into  a  puree.  Pre- 
pared in  this  way  the  protein  of  the  pea  or  lentil  is  all  taken  up,  except 
8  or  9  per  cent.  This  shows  that  the  protein  of  the  pulses,  if  given  in  a 
state  of  fine  division,  is  capable  of  very  good  absorption,  almost  as  good 
indeed  as  that  of  gluten  when  taken  in  the  form  of  macaroni.  Macaroni 
suffers  a  loss  of  11.2  per  cent;  gluten  ingested  in  the,  form  of  white 
bread  suffers  a  loss  of  about  20  per  cent ;  if  beans,  peas  or  lentils,  on  the 
other  hand,  are  simply  boiled  soft  and  eaten  with  broth,  the  loss  of  pro- 
tein will  be  about  40  per  cent.  Therefore  it  is  absolutely  necessary  to  pre- 
pare the  legume  in  the  finest  state  of  subdivision  possible  to  secure  diges- 
tion and  the  greatest  possible  amount  of  absorption. 

CHEMICAL  COMPOSITION:  EESULTING  UTILIZATION.— The  pulses  are 
well  supplied  with  carbohydrates,  but  very  poor  in  fat  {see  analysis,  page 
443).  For  this  reason  they  should  always  be  boiled  with  bacon.  They  are 
very  much  improved  by  being  served  with  sauces  containing  butter  and 
oil.  It  is  also  well  to  remember  that  they  contain  a  bitter  principle  which 
renders  them  unpalatable  to  many  persons.  Since  they  contain  quanti- 
ties of  purin  bodies,  larger  amounts  of  uric  acid  are  excreted ;  they  conse- 
quently are  sometimes  forbidden  in  the  dietary  of  the  gouty  or  rheumatic. 

The  proportion  of  water  in  the  soaking  and  boiling  rises  from  14  to  73 
per  cent  for  beans  and  for  peas  from  9.7  to  86.9  per  cent.  This  increase 
in  water  means  a  corresponding  increase  in  the  weight  and  bulk  of  the 
food,  which  must  be  considered  when  comparing  the  relative  nutritive 
values  of  the  pulses  and  meat.  The  table  on  page  443  (analysis  by  Abel) 
shows  that  the  nutritive  value  of  beans  and  peas  is  high,  due  to  their 
high  protein  content. 
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COMPOSITION  OF  DRIED  LEGUMES 


Material 


Dried  legumes: 

Lima  beans 

Navy  beans 

Frijoles 

Lentils 

Dried  peas 

Cowpea;5 

Soy  beans 

Chick-peas 

Peanuts 

St.  John's  bread   (earob 
bean) 


Water 


Per  cent 
10.4 
12.6 

7.5 

8.4 

9.5 
13.0 
10.8 
14.8 

9.2 

15.0 


Protein 


Per  cent 
18.1 
22.5 
21.9 
25.7 
24.6 
21.4 
34.0 
12.4 
25.8 

5.9 


Fat 


Per  cent 
1.5 

1.8 

1.3 

1.0 

1.0 

1.4 
16.8 

6.7 
38.6 

1.3 


Carbo- 
hydrates 


Per  cent 
65.9 
59.6 
65.1 
59.2 
62.0 
60.8 
33.7 
63.3 
24.4 

75.3 


Ash 


Per  cent 
4.1 
3.5 
4.2 
5.7 
2.9 
3.4 
4.7 
2.8 
2.0 

2.5 


Fuel 

value  f)er 

pound 


Calories 
1,625 
1,605 
1,695 
1,620 
1,655 
1.590 
1,970 
1,690. 
2,560 

1,565 


The  nutritive  value  of  the  pulses  is  undoubtedly  high.  Kumerous  ex- 
periments have  been  made  to  determine  to  what  extent  the  protein  ot 
beans,  peas  and  lentils,  etc.,  is  actually  utilized  as  a  nutrient  in  the  system. 
It  is  also  a  fact  tliat,  when  combined  with  other  foods,  the  nutriment  is 
much  more  completely  utilized  than  when  they  form  the  bulk  of  the  meal. 

FLATULENCE.— The  flatulence  that  is  often  attributed  to  this  class  of 
vegetables  is  probably  caused  by  the  decomposition  by  bacteria  of  the 
germ  of  the  bean  in  the  intestine,  giving  rise  to  more  or  less  of  the  hydro- 
carbon methane  (CH4).  The  abundant  sulphur  in  beans  and  peas  evolves 
sulphuretted  hydrogen  gas.  This  also  explains  the  tendency  of  these 
vegetables  to  produce  flatulence.  Beans  are  richer  in  sulphur  than  peas. 
The  ash  of  the  pulses  is  poorer  in  phosphorus  than  that  of  cereals,  but 
richer  in  potassium  and  calcium  salts.  The  legumes  contain  a  very  small 
amount  of  fat  with  some  cholesterin  and  lecithin.  The  carbohydrates  are 
fairly  high,  but  their  proportion  is  smaller  than  in  the  cereals,  the  amount 
varying  from  25  to  60  per  cent,  including  sugar,  dextrin  and  gum.  In 
India  the  bean  is  highly  esteemed  by  rich  and  poor  alike.  They  are 
even  given  to  the  sick,  but  "always  with  a  seasoning  of  asafoetida  to 
prevent  flatulence." 

VARIETIES  OF  LEGUMES.— The  bean  on  account  of  its  numerous  vari- 
eties and  the  many  ways  in  which  it  can  be  prepared  for  food  and  because 
it  is  so  easily  grown  is  one  of  the  most  important  of  the  legumes.  Beans 
were  cultivated  by  the  !N'orth  American  Indians.  It  is  recorded  that  the 
Algonquin  Indians  cultivated  two  varieties  of  pole  beans.  Snap  and 
string  beans  may  be  grown  as  well  as  fresh  or  green  beans,  which  have  al- 
ready been  considered. 
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Broad  Beans. — Broad  beans,  more  commonly  known  as  Windsor 
beans,  are  fully  an  inch  in  diameter.  This  particular  bean  has  been  culti- 
vated in  Europe  since  prehistoric  times.  The  Greeks  were  well  acquainted 
with  it  and  it  is  mentioned  in  the  Iliad.  The  Hebrews  were  acquainted 
with  it  at  least  1000  b.c.  The  principal  variety  grown  in  America  and 
Europe  for  human  food  is  the  Windsor  bean,  which  is  eaten  while  young 
and  tender  as  a  green  bean  as  well  as  when  dried. 

Kidney  Bean. — The  kidney  bean  is  referred  to  as  the  French  or  hari- 
cot bean.  There  are  many  varieties  of  this  bean  which  comprise  nearly 
all  the  kinds  of  beans  which  are  ripened  and  dried,  such  as  the  white  hari- 
cot bean,  navy  bean,  red  hidney  bean.  It  is  thought  to  be  a  native  of 
South  America,  introduced  into  Europe  in  the  sixteenth  century.  The 
common  haricot  bean  is  a  plant  of  ancient  civilization,  being  found  in  the 
remains  of  Troy  as  well  as  in  the  remains  of  the  lake  dwellings  of  Italy 
and  Switzerland.  .The  sub-varieties  are  divided  into  those  which  include 
the  string  and  snap  or  stringless  beans  eaten  in  the  green  state;  those 
which  are  shelled  and  eaten  while  young  and  tender,  and  those  allowed  to 
mature  and  then  dried. 

Lima  Beans. — Lima  beans  consist  of  a  small  short  pod  having  flat 
kidney-shaped  seeds  and  sometimes  called  sugar  bean.  It  is  a  favorite 
shelled,  both  green  and  dry,  in  the  United  States.  There  are  a  number  of 
varieties.  The  lima  bean  has  been  cultivated  in  American  gardens  since 
the  beginning  of  the  last  century. 

Butter  Beans. — Butter  beans  are  much  used  as  a  food  in  Southern 
Europe,  India  and  the  United  States.  They  are  eaten  stewed  or  baked 
and  have  a  pleasant  flavor.  The  fat  content  is  high.  The  beans  are  of  a 
greenish  yellow  color,  resembling  mutton  suet. 

BoLicoHS  Beans. — There  are  two  popular  varieties  of  this  group, 
which  difl'er  slightly  from  the  common  bean  and  are  known  as  the  hyacinth 
bean  and  the  asparagus  bean. 

Soy  Beans. — The  Soy  or  Soja  bean,  while  for  generations  known  and 
much  appreciated  in  Japan,  is  a  comparatively  recent  production  in  the 
Ignited  States.  In  Japan  it  is  a  valuable  food  for  man  as  well  as  for  stock. 
In  the  United  States  it  has  received  little  attention  for  purposes  other 
than  the  production  of  forage  crops  for  cattle  and  swine.  It  is  destined, 
however,  to  become  a  very  important  agricultural  product,  both  as  grain 
food  for  man  and  as  forage  crop  for  beasts. 

Composition  of  the  Soy  Bean. — There  are  variations  in  the  composi- 
tion of  difi^erent  varieties  of  the  beans.  This  bean  has  a  remarkably 
high  per  cent  of  protein  and  a  liberal  fat  content,  as  shown  by  the  follow- 
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iuf^  analysis.     The  yellow  beans  produced  in  the  United  States  have  the 
following  analysis : 

Water 9.80  per  cent 

Protein 37.13  "  " 

Carbohydrates 24.40  "  " 

Fat 18.36  "  " 

Lecithin  1.60  "  " 

Crude  fiber 4.47  "  " 

Ash  4.30  "  " 

Eiihrah  of  Baltimore  has  studied  this  bean  extensively  and  is  of  the 
opinion  that  soy  bean  flour  contains  no  starch  or  reducing  sugar,  and 
recommends  it  as  a  valuable  adjunct  in  the  dictotherapy  of  diabetes  and 
of  great  importance  in  infant  feeding. 

Preparations  Made  from  Soy  Beans. — In  the  recent  war  between 
Russia  and  Japan  soy  beans  were  the  chief  foodstuff  upon  which  de- 
pendence was  placed.  The  Oriental  races  generally  eat  the  bean  after  it 
has  been  prepared  in  more  or  less  cheesy-like  foods.  The  most  common 
of  these  are  natto,  tofu,  miso,  yuha  and  shoyu,  Natto  is  a  sort  of  cheese, 
made  from  the  boiled  beans  packed  in  rice  straw  and  allowed  to  fer- 
ment. The  mass  becomes  white  and  mucilaginous  by  the  development 
of  bacteria  and  the  straw  flavors  the  product.  Miso  is  a  fermented  prod- 
uct made  from  the  beans,  barley  and  salt.  Tofu  is  made  by  crushing 
and  boiling  the  beans  and  filtering  the  mass  through  cloth.  Two  per 
cent  of  concentrated  sea  brine  is  added  to  this,  which,  probably  on  account 
of  the  calcium  and  magnesium  present,  precipitates  the  plant  casein, 
which  is  then  pressed  into  tablets. 

Soy  hean  sauce,  having  a  pungent  and  agi-eeable  taste,  is  also  made 
by  fermenting  for  several  months  with  a  special  ferment,  a  mixture  of 
cooked  soy  beans,  roasted  with  wheat  flour  and  salt  Soy  milk  is  made 
by  boiling  the  beans  and  beating  to  a  pulp,  when  some  of  the  vegetable 
casein  passes  into  solution,  resulting  in  a  milky  looking  solution. 

All  soy  bean  products  are  high  in  fuel  value  and  supplement  very 
well  the  rice  diet  of  the  natives  of  China,  Japan,  Korea  and  Manchuria, 
as  they  furnish  both  protein  and  fat,  in  which  the  rice  is  so  deficient. 
Soy  bean  food  products  will,  no  doubt,  eventually  be  largely  used  for  food 
purposes  in  the  United  States,  much  the  same  as  cottonseed  oil  has  come 
into  extensive  use  within  the  past  two  decades.  Soy  bean  oil  is  now 
mixed  with  cottonseed  oil  and  used  as  a  salad  oil.  It  also  forms  the 
basis  of  the  soy  sauces  and  condiments  used  the  world  over. 

Peas  :  Field  Peas. — The  field  pea  grows  wild  in  Italy  in  hedges,  for- 


446  VEGETABLE    FOODS 

ests  and  mountainous  regions.  It  is  probably  a  progenitor  of  the  garden 
pea,  but  the  date  of  its  cultivation  is  unknown.  The  Canadian  field  pea 
is  used  in  its  immature  condition  when  about  two-thirds  grown  as  a  shelled 
green  pea. 

Garden  Pea. — The  garden  pea  is  supposed  to  have  come  from  West- 
ern Asia,  but  this  is  doubtful,  as  it  is  found  in  many  countries  growing 
wild.  It  is,  however,  an  ancient  food,  being  found  among  the  remains  of 
the  lake  dwellings  in  Savoy  and  Switzerland.  There  is  no  indication, 
however,  of  its  being  cultivated  in  ancient  Egypt  or  India.  Garden  peas 
by  cultivation  and  hybridization  have  been  developed  into  many  varieties. 
The  more  popular  are  those  divided  into  shelling  peas  and  edible  podded 
peas.  The  latter  are  called  sugar  peas  and  are  little  known  in  the  United 
States.  The  former  consists  of  two  varieties,  (a)  the  smooth  round- 
seeded  variety  and  (h)  the  wrinkled  kind,  of  .which  marrowfat  peas  is 
the  chief.  Some  of  the  special  strains  were  mentioned  under  green  peas. 
There  are  records  of  green  peas  being  eaten  in  the  I^orman  times  and 
later  at  the  time  of  Henry  VIII.  The  choice  varieties  of  garden  peas 
were  brought  from  Holland. 

Chick  Pea. — The  chick  pea  has  not  been  found  wild,  but  many  spe- 
cies are  known  in  Western  Asia  which  were  cultivated  by  the  Greeks  in 
the  time  of  Homer.  They  are  eaten  boiled  in  soup  or  roasted.  In  Spain 
and  Oriental  countries  the  leaves  of  this  plant  during  the  hot  summer 
months  exude  a  viscous  limpid  liquid  which  on  examination,  according  to 
Hogg,  consists  almost  entirely  of  oxalic  acid. 

Cow  Peas. — Cow  peas  belong  properly  to  the  bean  group,  but  the 
name  has  long  passed  into  common  use,  especially  in  the  United  States. 
There  are  several  varieties,  as  the  round  lady  peas,  the  mottled  and 
speckled  whip-poor-will  peas,  the  hlach  and  red  peas,  the  hlach  eye,  purple 
eye  and  other  varieties.  These  beans  were  originally  brought  from  India 
or  China,  where  their  use  is  very  common.  Considerable  quantities  are 
eaten  green,  shelled  like  kidney  beans.  The  dry  ones  are  cooked  like  other 
beans.  They  have  an  agreeable  flavor.  The  plant  is  indigenous  to  equa- 
torial Africa. 

COMPARISON  OFI  PEAS  AND  BEANS.— Comparing  the  analysis  of  peas 
with  that  of  beans,  it  is  evident  that  peas,  especially  when  dried,  are 
even  more  nitrogenous  than  beans.  Another  advantage  of  the  pea  over  the 
bean  is  that  the  nitrogenous  material  of  the  pea  is  said  to  exist  in  the  form 
of  proteins.  The  protein  of  the  pea  consists  chiefly  of  legumin  globulin, 
not  coagulated  by  heat  and  vicilin.  The  unripe  or  green  peas  are  more 
digestible  than  the  dry  peas  and  contain  considerable  sugar  which  greatly 
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improves  their  tlavor.  The  field  pea  is  often  grown  to  furnish  the  split 
pen  of  commerce.  In  preparing  these  for  the  market  the  outer  skin  is  re- 
moved, which  increases  the  digestibility  of  the  product. 

CANNED  PEAS.— Canned  peas  are  a  very  important  addition  to  the 
dietary,  especially  in  this  country.  The  peas  are  collected  green  and 
shelled.  If  the  process  is  well  conducted  and  the  peas  young  and  imma- 
ture, an  extremely  edible  product  is  available  for  use  throughout  the  year. 
It  is  to  be  regretted  that  canned  peas  are  sometimes  subject  to  several 
methods  of  adulteration.  They  are  sometimes  colored  green  by  the  use 
of  the  salts  of  copper.^  They  are  sweetened  by  the  use  of  saccharin. 
Old  or  dry  peas  are  sometimes  soaked  for  a  long  time  and  then  canned 
and  put  on  the  market  as  fresh  green  peas. 

LENTILS.— Lentils  are  mentioned  in  most  of  the  ancient  writings  and 
were  no  doubt  among  the  earliest  food  cultivated  by  man.  The  Bible  tells 
us  of  their  use  in  Egypt,  Asia  and  Mediterranean  countries.  The  mess  of 
red  pottage  for  which  Esau  sold  his  birthright  to  Jacob  was  composed 
largely  of  red  lentils.  There  is  little  doubt  but  that  lentils  were  cultivated 
in  Egypt  before  history  began;  at  a  less  remote  period,  but  hardly  in  his- 
toric times,  their  cultivation  appears  to  have  extended  east  and  west  into 
India  and  Europe.  Lentils  are  consumed  by  Catholics  during  Lent  in 
place  of  meat.  Lentil  flour  or  meal  is  eaten  by  the  Hindoos  and  other 
Orientals  in  addition  to  rice  when  engaged  in  laborious  work.  The  lentil 
is  much  richer  in  protein  than  either  the  bean  or  the  pea,  and  as  a  rule 
the  smaller  varieties  are  richer  in  this  constituent  than  the  larger.  Lentils 
contain  no  sulphur  and  are  more  digestible  and  less  apt  to  cause  flatulence 
than  either  beans  or  peas. 

Composition  of  the  Lentil. — In  composition  the  lentil  is  one  of  the 
most  nutritious  of  all  the  legumes  and  contains  tlie  highest  percentage  of 
protein.  According  to  analysis  by  Church  it  contains  25  per  cent  of  al- 
buminoid, 56  per  cent  of  starch,  2  per  cent  of  fat.  Its  mineral  content  is 
particularly  high  in  iron.  The  favorite  method  of  serving  lentil  is  in  the 
form  of  a  puree  and  in  soups  and  stews. 

FUNGI,   LICHENS,   ALG-ffi 

Fungi,  Lichens,  Algae. — The  classification  of  fungi  by  various  writers 
is  so  diverse  that  we  will  only  attempt  to  group  the  families  which  include 
the  edible  varieties.  The  common  classification  of  edible  fungi,  as  mush- 
rooms, and  the  inedible  ones,  as  toadstools,  is  not  in  accordance  with  fact, 

iLate  Federal  legislation  has  prevented  the  use  of  both  copper  for  coloring  and 
saccharin  for  sweetening. 
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since  all  of  the  fleshy  fungi  are  toadstools  and  probably  most  of  them  are 
edible.  The  poisonous  properties  of  fungi  are  due  to  the  presence  in  them 
of  alkaloids.  The  nature  of  these  differs  in  different  species,  so  that  the 
symptoms  of  toadstool  poisoning  are  varied. 

EDIBLE  FUNGI.— It  is  erroneous  to  say  that  all  poisonous  fungi  are 
toadstools  and  that  the  only  edible  varieties  are  mushrooms.  Fungi  have 
been  used  as  foodstuffs  since  the  earliest  times.  They  are  a  low  form  of 
vegetation.  Fungi  contain  no  chlorophyll  as  they  cannot  utilize  the  car- 
bon dioxid  of  the  air  to  build  up  carbohydrates.  They  form  no  starch, 
although  glycogen,  sometimes  called  animal  starch,  is  found  in  truffles,  and 
they  take  up  carbon  from  previously  organized  carbon.  There  are  some 
10,000  kinds  of  fnngi,  of  which  comparatively  few  are  edible.  The  three 
edible  varieties  most  commonly  used  are  mushrooms,  truffles  and  morel. 
There  are  several  varieties  common  in  the  United  States  (30),  among 
which  we  will  mention  (a)  orange  milk  mushroom ;  (h)  French  chan- 
terelle; (c)  fairy  ring  champignon;  (d)  spine  mushroom;  (e)  meadow 
mushroom;  (/)  Maned  Agaric;  (g)  Morchella  esculenta;  (h)  Claviria 
cinera  Bull;  (i)  Claviria  rugosa  Bull;  (;)  Boletus  edulis  Bull;  (k) 
Lycoperdon  giganteum  puffball ;  (I)  liver  fungus (31). 

Composition  of  Edible  Fungi. — The  chemical  composition  of  some 
of  the  more  edible  fungi  is  given  in  the  following  table  [Tibbles(l)] : 
THE  COMPOSITION  OF  FUNGI,  PERCENTAGES 


Nitrogen 

1 

PL, 

1 

3 
o 

'^ 

1 

< 

O   c! 

j3 

Common  Mushroom. . 

/91.30 
193.70 

92.19 
89.08 
90.93 

84.19 
[90.70 

89.54 
190.00 

73.00 

72.00 
/72.34 
172.50 

62.50 

.60 

.36 

.24 

3.75 
2.20 

2.81 
1.88 
1.19 

3.70 
3.49 
3.06 

1.30 

'  '.9l' 
.64 

2.60 
3.59 

.20 
.30 

.26 
.54 
.64 

.40 
.25 
.50 
.56 
.60 
.56 
.44 
.64 

17.00 

3.50 
1.20 

1.40 
4.49 
5.09 

4.65 

.73 

1.60 

3. 
6.02 

7. 

.80 
1.20 

.57 
.32 
.33 

.74 

.67 

.91 

58 

6.40 

.30 
.30 

Shaggy  or  Maned 
Mushroom 

.45 

.15 

.30 

98 

Milky  Agaric 

Chanterelle 

1.20 

Boletus  (Boletus  edu- 
lis)  

Morel  (Morchella  es- 
culenta)   

.49 

.37 

.12 

1.08 

4.4U 

6.10  1  1.40 

8.76 

9.96 

1.36 

Truffles 

2.00 

Black  Truffles 

2.07 

White  Truffles 

15.16 
7.9.^ 

2.10 

8.91 
19.50 

7.52 

Beef  Steak,  for  com- 
parison  

1.00 
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General  Considerations  to  Obskuve. — It  is  difficult  to  give  specific 
directions  for  the  recognition  of  the  haiiuless  fungi.  Unfortunately  some 
of  the  most  dangerous  are  found  in  greatest  abiindance.  There  are  cer- 
tain general  indications  which  it  is  always  safe  to  observe:  ^^All  fungi 
should  be  avoided  when  overripe  or  at  lacked  by  slugs.  Those  thai  soften 
readily  are  usually  dangerous,  and  the  same  is  true  of  fungi  growing  in, 
on  or  near  dunghills,  for  this  plant  has  a  great  tendency  to  absorb  poisons 
from  the  medium  on  which  it  happens  to  be  growing.''^ 

Description  of  the  Edible  ^Iusiiroom. — Mushrooms  are  found  in 
pastures  and  open  spaces.  The  young  fungus  consists  of  a  small  spherical 
growth  of  a  white  or  fawn  color  growing  up  from  the  earth  by  a  solid  stem 
or  stalk.  As  it  grows,  the  cap  expands  into  an  umbrella  shape,  exposing 
the  stalk.  The  cap  varies  from  one  and  a  half  to  three  inches  in  diameter. 
The  flesh  is  white,  of  brittle  texture,  delicious  odor  and  flavor,  forming  a 
tasty,  appetizing  and  agreeable  addition  to  other  food.  This  mushroom 
is  extensively  cultivated  and  consumed  in  Great  Britain.  It  is  a  common 
article  of  consumption  in  France  and  Germany.  It  is  never  poisonous, 
and  if  it  be  remembered  that  the  spores  are  purple,  the  gills  at  first  pink 
and  afterwards  purple,  that  there  is  a  permanent  collar  or  ring  about  the 
stalk,  and  that  they  are  never  to  be  looked  for  in  the  woods,  few  accidents 
will  occur. 

VARIETIES  OF  EDIBLE  FUNGI:  The  Meadow  Mushroom. — Meadow 
or  horse  mushroom  is  similar  to  the  former,  but  larger,  ranging  from 
three  to  six  inches  in  diameter.  It  sometimes  weighs  several  pounds.  As 
its  name  indicates,  it  grows  in  meadows  and  pastures.  Some  persons  pre- 
fer it  to  the  common  mushroom;  it  has  a  stronger  flavor,  but  otherwise 
there  is  very  little  difference.  It  is  preferred  in  France,  where  it  is  con- 
sidered a  delicacy.  There  are  many  other  edible  varieties  known,  as  St. 
George's  mushroom,  the  oyster  mushroom,  the  snail  fungus  and  blewits,  all 
very  similar  in  composition  and  much  alike  in  their  uses. 

The  Parasol  Mushroom. — The  parasol  mushroom  is  much  in  de- 
mand in  France,  Spain  and  Italy.  There  are  many  varieties,  some  species 
growing  very  large.  They  produce  best  in  old  mushroom  beds  and  fir 
plantations  and  are  usually  crisp  and  very  good  and  wholesome. 

Truffles. — Truffles  are  subterranean  fungi,  cultivated  extensively  in 
France  and  Italy.  There  are  about  fifty  varieties  of  this  fungus.  They 
grow  in  woods  or  forests,  especially  in  the  vicinity  of  oaks  and  nut  trees, 
on  fir  plantations  and  under  beech  trees.  Their  development  is  slow;  the 
mycelium  does  not  produce  truffles  for  several  years  after  it  begins  to 
grow,  but  when  once  they  begin  they  continue  for  years.     Truffles  grow 
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underground  and  are  of  various  sizes,  from  two  to  three  ounces  in  weight. 
In  color  they  are  red,  white  and  black ;  the  latter  are  held  in  high  esteem 
and  have  great  repute  for  making  gravy,  soups,  entrees  and  garnishing 
dishes.     They  are  used  both  fresh  and  dried,  and  are  highly  stimulating. 

Truffles,  owing  to  their  nitrogenous  constituents,  are  highly  stimulating 
and  heating.  They  should  be  eaten  in  moderation ;  their  digestion  is  diffi- 
cult and  their  wholesomeness  is  not  without  question. 

The  Morel. — The  morel  is  a  fungus  having  a  hollow  stalk  and  a 
conical  pitted  cap.  There  are  various  species,  growing  plentifully  in  Ger- 
many. They  are  sold  in  the  dry  state  and  used  principally  for  making 
gravy,  ketchup,  sauces  and  entrees.  In  France  the  term  champignon  is 
applied  to  the  morel  as  well  as  to  mushrooms  in  general. 

Boletus  Edulis. — Boletus  edulis  is  an  edible  fungus  very  common  in 
the  beech  woods  of  South  England.  It  is  grown  extensively  in  Austria  and 
Germany,  where  it  is  cut  into  slices,  dried  and  sold  in  the  shops  as  a  fari- 
naceous food.  The  pileus  grows  to  the  size  of  from  four  to  six  inches  in 
diameter,  light  brownish  color  above  and  white  underneath.  The  flesh  is 
firm  when  young  and  softens  with  age.  !N^early  all  boleti  are  edible.  The 
soft  ones  are  yellowish  white  on  the  under  surface  of  the  pileus. 

LICHENS. — Lichens  grow  abundantly  in  the  Arctic  regions.  Iceland 
moss  is  the  most  important  edible  lichen.  The  Laplanders  use  it  as  a 
breadstuff  and  also  boil  it  with  the  milk  of  the  reindeer.  It  contains  two 
carbohydrates:  liclienin,  moss  starch  (CgHioOg),  which  yields  dextrose 
on  hydrolysis,  but  is  not  affected  by  digestion  and  probably  does  not  form 
glycogen,  a  mucilage;  and  isolichenin,  which  resembles  starch,  but  on  di- 
gestion yields  only  dextrins,  no  sugar.  Bread  made  from  Iceland  moss 
is  recommended  for  diabetics.  From  the  chemical  nature  of  Iceland  moss 
and  from  its  resistance  to  the  process  of  digestion,  also  from  the  small 
amount  of  it  ever  present  in  jelly,  it  is  safe  to  say  that  its  nutritive  value 
is  not  worth  consideration. 

According  to  Church's  analysis  its  chemical  composition  is  about  as 
follows:  water,  10.0  per  cent;  proteid,  8.Y  per  cent;  lichen  starch,  70.0 
per  cent;  lichen  acids,  etc.,  6.3  per  cent;  cellulose,  3.5  per  cent;  mineral 
matter,  1.5  per  cent. 

ALG^.— Algae  include  a  variety  of  fungi  seaweeds  of  which  laver, 
dulse  and  others  are  occasionally  used  for  foods.  The  only  one  which  de- 
mands serious  consideration  here  is  the  Irish  or  Carraigeen  moss  which 
is  used  both  as  an  ordinary  article  of  diet  and  as  a  delicacy  for  the  sick 
room.  It  grows  abundantly  on  the  rocky  shores  of  Iceland  and  is  usually 
under  the  surface  of  the  water,  from  three-quarter  tide  to  below  low  water 
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mark.  Tlioro  are  several  species  of  this  seaweed  used  for  food.  They  are 
boiled  for  several  hours  until  reduced  to  a  slimy  pulp  which  is  sometimes 
made  into  cakes  with  oatmeal  and  fried  in  butter.  Other  edible  algae  are 
the  alar  la  or  miirliiis  of  the  north  coasts,  which  fonn  a  welcome  addition 
to  the  potato  diet  of  the  ])easauts,  and  the  a  (jar  nrjar  or  Chinese  gelatin  of 
the  Orient.  The  edible  birds'  nests  which  are  popular  as  a  food  with  the 
Chinese  are  formed  by  the  swallow  from  gelatinous  seaweeds,  which  are 
disgorged  by  the  birds  in  building  their  nests. 

AcjAR  Agar. — Agar  agar,  called  Beiujal  isinglass,  is  a  fungi  seaweed 
imported  from  Singapore.  It  occurs  in  thin  transparent  strips  which 
readily  dissolve  in  hot  water,  forming  a  gelatinous,  tasteless  and  odorless 
jelly.  The  dried  seaweed  is  sometimes  called  Ceylon  moss.  Some  species 
of  this  fungus  are  favorite  additions  to  soups  and  for  jellies  and  blanc- 
mange. 

Summary 

Fungi  are  difficult  of  digestion,  owing  to  the  large  percentage  of  cellu- 
lose in  their  composition  and  to  the  shrinkage  and  greater  compactness 
which  result  from  the  process  of  cooking.  The  pain  and  discomfort  which 
they  are  apt  to  produce  in  the  stomach  have  often  been  wrongly  attributed 
to  poisons.  In  consequence  fungi  which  are  merely  indigestible  have  been 
classed  as  inedible.  The  absorption  of  fungi  is  also  very  imperfect.  One 
observer  who  consumed  large  quantities  of  fresh  mushrooms  daily  found 
that  19  per  cent  of  the  dry  substance,  37.7  per  cent  of  the  protein,  escaped 
absorption.  On  the  whole,  mushrooms  and  other  fungi  must  be  classed 
with  such  substances  as  green  vegetables,  carrots  and  black  bread  as  among 
the  wasteful  foods.  The  nutritive  value  of  fungi  has  been  very  much  over- 
estimated: thus  the  Patagonians  have  erroneously  described  them  as 
"vegetable  beefsteaks,"  which  has  caused  the  poorer  classes  to  use  them 
extensively  as  a  food.  Their  nitrogenous  content  is  in  a  form  which  is 
useless  for  the  purpose  of  nutrition,  owing  to  the  very  imperfect  degree 
to  which  this  element  is  capable  of  being  absorbed.  Further,  the  carbo- 
hydrate content  is  very  uncertain  in  nutritive  value  and  cannot  be  re- 
garded as  food  of  any  greater  value  than  fresh  green  vegetables. 
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CHAPTER    XIV 


FATS    AND   OILS 

General  Considerations:  Fat  and  Oil  Substances;  Sources  of  Fats;  Chem- 
ical Characteristics  of  Fat;  Fatty  Bodies;  Imi^rtance  of  Fats  and 
Oils. 

Animal  Fats:   Varieties:   Butter,  Lard,  Suet,  Oleomargarine,  etc. 

Vegetable  Fats:  Value  of  Ve«rotable  Fats;  Absorption  of  Vegetable  Oils; 
Varieties:   Palm  Oil,  Almond  Oil,  Peanut  Oil,  etc. 

GENERAL    CONSIDERATIONS 

Fats  and  oils  may  be  divided  into  two  general  classes:  (a)  fixed  oils 
and  fats,  (h)  essential  or  volatile  oils.  The  former  are  derived  from 
two  sources,  i.e.y  the  animal  and  vegetable  kingdoms;  the  latter  are 
volatile  constituents  of  plants  and  may  be  obtained  unchanged  by  the 
application  of  heat.  They  are  important  constituents  of  spices  and  a 
fuller  consideration  will  be  found  under  the  chapter  "Spices  and  Con- 
diments." 

Fat  and  Oil  Substances. — Fats  and  oils  contain  substances  of  an 
extremely  varied  nature.  They  are  devoid  of  nitrogen  and  consist  almost 
entirely  of  three  elements,  viz.,  carbon,  hydrogen  and  oxygen;  the  latter 
in  small  proportion,  but  so  combined  that  they  readily  undergo  oxida- 
tion, during  which  they  give  out  considerable  heat.  The  sugars  and 
starches  contain  oxygen  and  hydrogen  in  such  proportions  that  when 
their  molecules  are  split  up,  water  (HgO)  is  formed.  In  the  group  of 
fats  oxygen  is  present  in  insufficient  quantity  to  produce  water  with  all 
of  the  hydrogen  atoms,  so  that  combustion  takes  place  with  the  liberation 
of  heat.  It  is  the  peculiar  property  of  hydrocarbons  to  unite  readily  with 
oxygen. and  it  is  the  consequent  development  of  heat  that  renders  them 
so  exceedingly  valuable  as  a  source  of  fuel  for  the  animal  economy. 

Sources  of  Fat. — Fat  forms  the  bulk  of  butter,  fat  meat,  suet,  lard, 
oils  and  other  fatty  substances.  About  one-sixth  of  the  entire  body  weight 
is  composed  of  fat,  while  only  about  one-quarter  of  an  ounce  is  con- 
tained in  the  blood.  In  a  prolonged  fast  or  death  from  starvation  ninety 
per  cent  of  the  body  fat  is  consumed.     The  chief  sources  of  this  supply 
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of  fat  in  the  human  body  are  starches  and  sugars,  but  not  all,  as  some 
of  it,  as  Monk  has  demonstrated,  is  undoubtedly  derived  from  fatty  food. 
Many  of  the  fatty  substances  are  important  constituents  of  foods,  while 
others,  differing  only  very  slightly  in  chemical  composition,  are  of  value, 
from  a  commercial  standpoint,  in  the  manufacture  of  soap,  candles  and 
paint.  Fat  is  a  source  of  energy,  as  is  evident  in  the  inhabitants  of  Polar 
regions,  whose  aliment  is  almost  entirely  fat  and  oils. 

Many  of  the  animal  oils,  such  as  whale  oil,  seal  oil  and  jish  oil,  are 
obnoxious  to  the  taste  of  civilized  peoples.  For  the  most  part  the  vege- 
table oils  when  properly  refined  make  wholesome,  palatable  food  products. 
Vegetable  oils  are  derived,  principally,  from  the  seeds  of  plants,  extracted 
by  pressing  the  ground  or  mashed  seeds.  Animal  fats  are  secured  from 
animal  tissues  by  a  process  of  "rendering"  which  consists  in  placing  the 
fatty  substances  in  a  large  vessel  and  applying  heat  until  the  fat  is 
melted,  so  that  it  can  be  separated  from  the  animal  tissues.  The  animal 
tissues  containing  the  greatest  proportion  of  fat  are  the  bone  marrow, 
subcutaneous  and  intermuscular  tissues  around  the  various  internal 
organs  and  the  omentum  of  the  abdominal  cavity. 

Chemical  Characteristics. — Chemically  considered,  fats  are  glyceryl 
esters  of  fatty  acids.  The  fatty  acid  radical  replaces  the  OH  in  the 
alcohol  molecule  (glycerin)  and  joins  the  alcohol  radical  C3H5  or  allyl, 
which  is  a  trivalent  ion,  whereby  fats  are  formed.  By  some  authorities 
fats  are  considered  salts  of  the  higher  saturated  or  unsaturated  fatty 
acids  in  which  the  glyceryl  acts  as  the  base.  Just  as  nitric  acid  when 
acted  upon  by  caustic  soda  forms  water  and  sodium  ^nitrate,  so  stearic 
acid  will  theoretically  combine  with  glyceryl,  producing  glyceryl  stearate, 
that  is,  ordinary  stearin.  Stearin  is  abundant  in  hard  fat ;  it  is  a 
stearopten  solid  at  ordinary  temperature. 

Fatty  Bodies. — Fatty  bodies  are  component  parts  of  the  cells  of  ani- 
mals and  plants,  more  particularly  in  animal  fat,  though  to  some  extent 
in  the  seeds  of  vegetables  and  fruit.  The  most  common  are  palmitin, 
olein  and  stearin  and  the  most  common  fatty  acids  are  palmitic,  oleic, 
stearic,  butyric,  caproic,  caprylic,  erucic  smd  valeric,  but  there  are  others. 
Fat  is  formed  by  their  union  with  glycerin. 

FLUID  AND  SOLID  FATTY  BODIES.— The  three  fatty  bodies,  olein, 
palmitin  and  stearin,  form  the  fat  of  animal  tissues.  Olein  and  stearin 
are  in  such  proportion  that  the  fat  remains  fluid  if  kept  at  the  tempera- 
ture of  the  human  body.  The  physical  condition  of  fat  or  oil,  i.e., 
whether  it  is  a  solid  or  a  liquid  at  ordinary  temperatures,  depends  largely 
upon  the  proportion  of  saturated  or  unsaturated  glycerids  present.     Fats 


GENERAL    CONSIDERATIONS  459 

predominating   in   a  greater   ])r(>|)orti()n   of   palinitate    an<l   stearate  are 
solid,  while  those  predominating  in  oleate  are  liquid. 

Ivecently  a  process  has  been  commercialized  for  saturating  unsatu- 
rated glycerids  by  merely  heating  them  with  hydrogen  in  the  presence 
of  a  catalyptic  agent,  nickel.  Instead  of  having  a  white  solid  similar  to 
tallow,  we  bave  a  liquid  cottonseed  oil  which  is  high  in  glyceryl  oleate 
and  low  in  stearate.  This  process  changes  a  large  portion  of  the  oleate 
to  stearate,  tliereby  solidifying  the  H(inid   product. 

Importance  of  Fat. — Fat  is  the  most  im])ortant  representative  of  the 
hydrocarbon  group  of  foods ;  common  forms  are  fat  meat,  butter,  cream, 
a  part  of  milk  and  cheese.  Fat  meat,  such  as  beef,  mutton  and  pork, 
are  important  ingredients  of  our  diet.  As  a  rule  the  fat  is  so  closely 
associated  with  the  lean  that  it  is  taken  more  or  less  incidentally  along 
with  the  proteins  of  the  lean  meat.  The  quantity  of  fat  ingested  can  be 
regulated  by  inspection  and  more  accurately  determined  by  the  actual 
separation  and  weighing  of  the  fat.  Meat  fats  should  be  thoroughly 
cooked  in  the  presence  of  moisture,  if  they  are  to  be  easily  digestible 
{see  Volume  II,  chapter  on  Scientific  Cooking). 

ASSIMILATION  OF  FATS.— Fats  are  comparatively  easily  assimilated. 
They  pass  through  the  mouth  and  stomach  unchanged.  During  the 
digestive  process  the  slight  framework  of  the  connective  tissue  of  meats 
and  the  protoplasm  of  cells  are  peptonized.  The  enclosed  fat  or  oil 
globules  are  liberated  and  later  on  emulsified  and  saponified  by  the  action 
of  the  mild  but  copious  carbonates  in  the  small  intestine,  together  with 
the  ferment  action  of  lipase  (steapsin).  The  combined  action  of  these 
digestive  agents  changes  the  fat  into  an  emulsion  and  eventually  saponi- 
fies it,  thus  releasing  the  glycerin  of  the  fat  molecule  and  reducing  the 
fat  to  soluble  components,  soap  and  glycerin.  Other  portions  of  the  fat 
are  converted  into  forms  of  soap  by  the  action  of  the  pancreatic  fluid,  a 
solution  of  which  is  quite  readily  absorbed.  A  large  proportion  of  the 
digested  fat  is  absorbed  by  the  lacteals  and  gains  an  entrance  into  the 
blood  by  way  of  the  thoracic  duct.  After  a  full  meal  the  fluid  in 
the  lymphatic  vessels,  of  which  the  thoracic  duct  is  the  largest,  is  milky 
from  the  presence  of  fat.  All  the  fat  does  not  reach  the  blood  in  this 
manner.  A  large  amount  is  absorbed  directly  into  the  blood  vessels  in 
the  form  of  the  soluble  and  insoluble  soaps  which  are  manufactured  in 
the  bowels.  Research  experiments  have  proved  that  150  grams  of  fat 
(about  five  and  one-half  ounces)  can  be  easily  absorbed  and  assimilated 
with  only  an  infinitesimal  loss.  As  a  result  it  wnll  be  good  practice  to 
prescribe  one-quarter  of  a  pound  of  fat  daily  for  a  diabetic. 
31 
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On  watching  the  blood  stream  after  a  meal  fat  globules  can  be 
observed,  but  after  a  time  the  blood  resumes  its  usual  appearance.  The 
white  blood  cells  are  said  to  carry  these  minute  fat  globules  all  over 
tlie  body,  distributing  them  to  the  working  tissues  for  the  production  of 
heat  and  energy  and  other  current  expenditures.  The  fat  itself  is  reduced' 
to  carbonic  acid  and  water  which  are  excreted  by  the  skin,  lungs  and 
kidneys.  When  more  food  is  consumed  than  is  necessary  for  the  imme- 
diate needs  of  the  body,  fat  is  stored  up  in  the  subcutaneous  and  other 
cellular  tissues.  It  is  a  well-known  fact  that  animals  often  put  on  more 
fat  than  their  food  contains.  Pigs  accumulate  much  more  fat  in  the 
body  and  cows  give  more  fat  in  their  milk  than  exists  in  the  food  which 
they  consume.  It  is  therefore  assumed  that  additional  fat  is  derived 
from  the  conversion  of  proteid  and  carbohydrate  elements,  which  have 
already  been  shown  to  cause  an  accumulation  of  fat,  when  there  is 
greater  consumption  of  them  than  is  necessary. 

FAT  AS  NECESSARY  TO  HEALTH.— The  consumption  of  fat  is  required 
to  promote  the  earlier  stages  of  growth  and  repair  of  the  organism. 
There  are  also  many  diseased  conditions  and  degenerative  changes  which 
are  accompanied  by  increased  accumulation  of  fat  in  and  between  the 
tissues  and  cells  of  the  body.  Therefore  it  is  quite  impossible  to  live 
very  long  in  perfect  health  without  fatty  food.  It  is  equally  impossible 
to  live  very  long  upon  fatty  food  alone,  since  its  prolonged  use  upsets 
the  digestive  processes  and  causes  an  absolute  repugnance  for  fat. 

Dependence  of  Muscular  Action  on  Fat. — The  expenditure  of 
muscular  action  is  more  or  less  intimately  dependent  upon  fat  combus- 
tion. It  was  formerly  taught  that  the  force  of  the  body  was  supplied 
by  the  oxidation  of  nitrogenous  materials,  for  instance,  fat  eaten  with 
food  was  believed  to  be  deposited  again  as  fat  in  the  tissues.  Of  recent 
years  this  theory  has  been  exploded  and  the  primary  value  of  fatty  foods 
has  been  established  beyond  question  as  a  contributing  force  in  saving 
other  tissues,  especially  the  albuminous,  from  destruction  by  oxidation; 
whereas  its  secondary  use  is  in  connection  with  tissue  formation.  Fats 
do  form  a  part  of  many  different  tisues  of  the  body,  even  those  of  the 
nervous  system. 

FAT9  VS.  OILS.— Both  fats  and  oils  employed  as  food  serve  essentially 
the  same  purpose  and  may,  therefore,  be  grouped  together  and  considered 
as  a  class.  Their  physical  properties  are  identical,  although  they  differ 
considerably  in  their  melting  points.  Fatty  bodies  and  fatty  acids  vary 
in  chemical  composition,  but  after  being  absorbed  they  are  recognized 
mainly  in  one  or  two  simple  forms,  chiefly  as  stearin  and  olein. 
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While  the  various  fats  and  oils,  of  both  animal  and  vegetable  origin, 
have  the  same  beneficial  effect  upon  nutrition,  there  is  considerable  dif- 
ference in  their  fuel  value,  and  in  the  facility  with  which  one  variety 
or  another  may  be  assimilated  in  individual  cases.  Animal  fats  have  a 
higher  nutritive  power  than  those  derived  from  the  vegetable  kingdom, 
and  of  the  former,  liver  fat,  butter  and  cream  are  the  most  easily  digested, 
assimilated  and  absorbed  of  all  fats. 

The  use  of  fats  and  oils  should  be  restricted  or  forbidden  in  all  forms 
of  acute  gastro-enteric  intestinal  disorders,  chronic  gastritis,  dilatation 
of  the  stomach,  chronic  diarrhea,  obesity,  fatty  and  waxy  liver,  gallstones, 
acne  and  urticaria. 

Economy  of  Fats  and  Oils. — Below  is  given  a  table  showing  cost 
of  1,000  calories  and  cost  per  pound  of  some  of  the  more  common  fatty 
food  products.  Prices  were  obtained  in  New  York  City  in  the  fall  of 
1917: 

COST   OF   FATS 

Cost  of  1,000  Price  per 

Calories,  Pound, 

Cents  Cents 

Cottonseed  oil  7.3  31 

Oleomargarin 8.5  30 

Peanut  butter  8.8  25 

Butter 11.9  43 

Olive  oil  12.1  51 

Bacon   13.8  37 

Cream  (extra  heavy,  40  per  cent) 19.8  65  (pint) 

Bacon,  sliced,  in  jars 22.2  65 

ANIMAL    FATS 


Animal  Fats. — Animal  fats  are  obtained  from  fatty  foods,  including 
butter,  cream,  suet,  lard,  oleomargarin,  the  fat  of  beef,  mutton,  pork  and 
bacon,  bone  marrow,  pemmican,  fish  and  cod  liver  oil.  Oil  is  also 
obtained  from  the  yolJc  of  eggs. 

BUTTER.— Butter  is  one  of  the  most  ancient  articles  of  food.  It  was 
written  of  in  the  Vedas  2000  to  1400  b.c.  It  is  made  by  churning  whole 
milk,  which  causes  the  fat  globules  of  "ripened"  cream  to  coalesce, 
breaking  up  the  emulsion  of  cream  and  forming  the  butter  fat  into  a 
solid  mass.  When  cream  is  designed  for  the  manufacture  of  butter  a 
''ripening"  process  is  required  to  bring  the  cream  to  a  suitable  condition. 
No  special  precautions  are  necessary  where  the  shallow  pan  system  at  a 
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low  temperature  is  used,  but  this  system  requires  time  for  the  cream  to 
^'ripen."  With  the  employment  of  the  ''separator"  the  period  of  time 
is  shortened  somewhat.  The  best  butter  is  made  from  cream  that  has 
ripened  in  shallow  pans  from  twelve  to  twenty-four  hours  and  churned 
at  a  temperature  of  between  65°  and  70°  F.  In  this  way  butter  may 
be  made  in  twenty  to  thirty  minutes.  Standard  butter  should  contain 
82.5  per  cent  of  milk  fat  and  not  more  than  16  per  cent  water. 

Chemical  Characteristics  of  Butter. — From  a  chemical  stand- 
point, one  is  impressed  by  the  large  content  of  fatty  acids  contained  in 
butter  fat.  The  acids  butyric,  caproic,  capric  and  caprylic  are  soluble 
in  water.     (See  table  below.) 

Butyric  acid  is  present  in  the  proportion  of  about  7  per  cent.  The 
most  abundant  of  the  insoluble  fatty  acids  in  butter  is  oleic,  olein  being 
present  in  the  proportion  of  40  per  cent.  This  fact  points  to  the  low 
melting  point  (31-34°  C.)  of  butter,  and  consequently  its  ease  of  diges- 
tion and  assimilation.  For  ease  of  digestion,  butter  stands  at  the  head 
of  the  list  of  fatty  foods.  Human  fat  is  also  rich  in  olein  and  has  a  lower 
melting  point  (25°  C.)  than  butter.  A  plausible  explanation  of  the 
digestibility  of  butter  is  the  similarity  between  butter  fat  and  human  fat 
in  their  proportion  of  olein. 

THE   FATTY   ACIDS   IN   100   GRAMS    OF    BUTTER    FAT 

Analysis  hy  Hehner  and  Mitchell  Analysis  hy  Bell 

Per  cent  Per  cent 

Stearic  Acid  1.83  Volatile  or  Soluble : 

Distearic  Acid   1.00  Butyric  Acid  6.13 

OJ^i<'   32.50  Caproic    ) 

Pa^°^iti«    38.50  CapryHc    }  2.09 

Myristic   8.89  Capric ) 

Laurie 2.57  { 

Capric    32 

^^P^^^« 49      Nonvolatile  or  Insoluble : 

^^P^^^*'    2.09  Oleic  Acid   36.10 

^"^y"*' •  •     5.45  Palmitic,   Stearic,  Laurie 


8.22 


Total  Acids  per  cent 94.50 


and  Myristic  Acids. . .  49.46 

85.56 


Total  Acids  per  cent 93.78 


To  the  trace  of  casein  found  in  butter  is  due  the  disagreeable  rancidity 
which  often  develops  in  butter  kept  for  a  while.     The  casein  decomposes 
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in  time,  tins  process  being  hastened  ])y  the  jjreseiiee  of  water.  In  order 
to  keep  butter  sweet  indefinitely,  it  is  melted  and  bcnled  until  all  the 
water  is  expelled.  This  product  in  its  melted  state  is  strained  through 
a  muslin  cloth  to  separate  the  casein.  It  is  then  poured  into  a  container, 
cooknl  and  securely  corked,  when  it  will  keep  sweet  indefinitely. 

Cream KRY  Butter. — Creamery  butter  is  made  in  a  creamery  from 
cream  obtained  by  a  centrifugating  machine  or  separator.  The  cream- 
ery is  supplied  every  morning  with  fresh  cream  from  the  dairymen  or 
farmers  in  the  surrounding  district.  This  is  the  chief  system  in  this 
country  as  well  as  in  Holland,  Ireland  and  other  European  countries. 
In  England  there  are  many  factories  in  successful  operation  where  the 
whole  milk  is  received,  the  cream  being  separated  at  the  factory  anff 
butter  manufactured  after  the  same  process  as  at  creameries  in  this 
country.  The  Department  of  Agriculture  estimates  that  the  yearly  but- 
ter product  of  this  country  aggregates  1,621,796,475  pounds,  valued  at 
$648,718,590. 

Imitation  Creamery  Butter. — Imitation  creamery  butter  is  made 
by  farmers  or  dairymen  on  a  small  scale  in  the  same  manner  as  creamery 
butter.  Such  butter  is  purchased  by  dealers  from  the  farmers  before 
it  is  washed,  salted,  or  worked,  the  dealers  having  supervision  over  this 
part  of  the  butter-making  process.  Their  attention  to  the  details  of 
washing,  salting  and  kneading  and  mingling  together  butters  from  vari- 
ous sources  produces  a  more  uniform  butter  of  a  superior  quality  than 
butters  made  by  individuals. 

Dairy  Butter. — Dairy  butter  is  butter,  salted,  kneaded  and  packed 
by  the  dairyman  and  sold  in  print  packages.  Such  butter  is  usually 
made  by  old-fashioned  methods,  i.e.,  the  cream  is  ripened  in  shallow  pans, 
etc.     This  method  produces  a  pure  and  wholesome  product. 

Factory  Butter. — Factory  butter  is  produced  from  butter  sorted 
into  salt  and  saltless  butter  and  sold  by  the  farmers  to  factories.  It  is 
sent  in  rolls,  baskets  or  boxes  to  the  factories,  where  it  is  washed  by  a 
powerful  butter  working  machine  and  then  packed  into  firkins  for  the 
market. 

Renovated  butter  is  usually  stale,  rancid  or  otherwise  unsalable  fac- 
tory butter,  derived  from  many  sources.  It  may  be  purified  by  steril- 
ization, clarified,  melted  down,  refined  and  deprived  of  deleterious  odors 
and  more  particularly  of  its  rancid  odor. 

Causes  of  Rancidity  of  Butter. — The  causes  of  rancidity  in  butter 
have  frequently  been  investigated  by  chemists  and  bacteriologists.  The 
cause  of  rancidity  of  butter  and  other  fats  is  not  thoroughly  understood, 
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but  light,  heat  and  moisture  may  play  a  part  in  the  transformation.  Re- 
cently the  causes  for  the  undesirable  flavors  sometimes  present  in  cold 
storage  butter  have  been  sought  by  dairymen,  storage  men  and  hygienists. 

It  has  been  generally  supposed  that  rancidity  is  due  to  changes  taking 
place  in  the  fats  of  v^^hich  butter  is  principally  composed  and  that  the 
"off  flavors"  are  merely  mild  forms  of  rancidity.  After  a  series  of 
studies  on  butter  which  had  been  prepared  under  widely  varying  condi- 
tions and  stored  at  0°  F.  for  varying  lengths  of  time,  Dyer(l)  concludes 
that  (a)  "the  development  of  undesirable  flavors  in  storage  butter  is  not 
dependent  on  an  oxidation  of  the  fat  itself,  but  that  (h)  it  is  attributable 
to  a  slow  process  of  oxidation  progressing  in  the  non-fatty  constituents 
of  the  buttermilk,  and  that  (c)  the  extent  of  this  change  is  directly  pro- 
portional to  the  amount  of  acid  present  in  the  cream  from  which  the 
butter  has  been  prepared." 

In  other  words,  the  buttermilk  supplies  the  substances  which  decom- 
pose during  cold  storage.  This  decomposition  is  proportional  to  the 
amount  of  acid  present  in  the  cream  before  churning.  The  experiments 
showed  that  butter  made  from  sweet  cream  had  a  very  mild  flavor  and 
kept  in  good  condition  almost  indefinitely  in  storage,  while  the  butter 
from  highly  acid  cream  had  a  high  flavor  and  would  not  keep  well.  The 
remedy  consists  in  preventing  the  cream  from  ripening  too  much,  i.e., 
producing  too  much  acid  before  churning  or,  if  that  has  occurred,  in 
washing  out  the  buttermilk  from  the  freshly  churned  butter  with  fresh 
water. 

Chemical  Composition  of  Butters. — The  following  tables,  taken 
from  Tibbies'  "Origin  and  Manufacture  of  Foods,"  will  serve  to  illus- 
trate the  chemical  composition  of  various  grades  and  makes  of  butter : 

A— COMPOSITION  OF  BUTTER— PERCENTAGES 


Nutrients 
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Water 

Fat 

Casein  and  Albumin . 

Lactose 

Salt 

Mineral  ash 
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87.0 
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12.0 
84.0 

1.0 
3.0 


14.50 

83.38 

.80 

1.12 
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12.80 

84.06 

.67 

.69 
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9.3 

82.7 
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2.9 


9.7 

84.7 

3.5 

2.1 


8.6 
85.5 

2.8 
3.1 


8.6 
87.2 

2.1 
2.1 


14.1 
83.1 

1.6 
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B— COMPOSITION  OF  BUTTER-Pl':iU'KNTAGES 


Samples  From 
Various  Sources 

Water 

Salt 

Curd 

Butter 
Fat 

S|)ecifi(r 
CJravity 

at  mr 

F. 

Fixed 
Acid 

Soluble 
Acid 

Melting 
Point 

No.    1 

7.55 
11.71 
16.89 
16.28 
11.42 
12.55 
12.96 
13.40 
12.05 
14.62 

1.03 
3.60 
8.56 
3.32 
1.29 

.80 
2.43 
1.39 

.96 
1.48 

1.15 
.95 
1.23 
1.56 
1.12 
.74 
1.25 
2.03 
1.95 
1.88 

90.27 
8.3.74 
73.32 

78.84 
86.15 
85.82 
83.36 
83.18 
85.04 
82.04 

913.89 
911.45 
911.48 
912.79 
910.47 
910.20 
912.51 
911.67 
911.04 
910.70 

85.56 

88.24 
88.22 
86.00 
88.53 
89.00 
88.25 
88.72 
87.51 
89.00 

7.41 
5.41 
4.64 
7.00 
8.44 
4.57 
5.45 
5.07 
5.28 
4.50 

85.0**  F. 

No.    2 

90.0°  F. 

No.    3 

89.5"  F. 

No.    4 

88.5°  F. 

No.    5 

90.0°  F. 

No.    6 

90.0°  F. 

No.    7... 

89.0°  F. 

No.    8 

90.0°  F. 

No.    9 

88.0°  F. 

No.  10 

91.0°  F. 

According  to  Hutchison,  the  percentage  of  fat  in  butter  varies  within 
fairly  wide  limits,  but  the  average  is  about  82  per  cent,  or  twice  as  much 
as  the  amount  in  cream.  ^'An  ounce  of  butter  may  therefore  be  reckoned 
as  the  equivalent  of  four-fifths  of  an  ounce  of  pure  fat."  Butter  contains 
twelve  to  fifteen  per  cent  of  w^ater  and  about  two  per  cent  of  non-fatty 
organic  matter,  casein  and  milk  sugar. 

Digestion  of  Butter. — The  value  of  butter  as  a  source  of  fat  in 
the  dietetic  treatment  of  various  diseases  is  very  great.  It  is  so  easily 
digested  that  it  may  be  ingested  freely  by  those  suffering  from  consump- 
tion, dyspepsia  of  various  forms  and  diabetes.  A  daily  ration  of  one- 
quarter  of  a  pound  may  be  eaten  with  impunity,  and  the  nutritive  value 
is  great.  It  is  a  well-known  fact  that  butter  used  in  cooking  not  infre- 
quently causes  indigestion,  doubtless  due  to  the  liberation  of  the  fatty 
acids  by  the  heat. 

It  has  been  determined  that  with  the  daily  ration  of  one-quarter  of 
a  pound  the  excretion  of  waste  from  it  does  not  reach  five  per  cent.  No 
other  form  of  fat  is  so  thoroughly  assimilated  and  this  fact  should  em- 
phasize the  dietetic  value  of  butter  as  compared  with  cod  liver  oil  and 
other  similar  medicinal  fats,  a  large  number  of  which  prove  indigestible 
and  difficult  to  assimilate. 

LARD.— Lard  is  hog  fat  separated  by  melting  from  the  areolar  con- 
nective tissue.  There  are  several  grades  of  hog  fat.  The  highest  grade 
is  known  as  leaf  lard,  which  comes  from  the  fat  surrounding  the  kidneys. 
Refined  lard  is  a  second  grade,   and  the  two  lower  grades  are  called 
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respectively,  steam  rendered  lard  and  prime  steam  lard.  Lard  is  fre- 
quently stiffened  by  the  addition  of  lard  stearin.  Lard  thus  treated 
keeps  better  in  warm  climates  and  is,  therefore,  more  satisfactory.  Lard 
oil  is  obtained  by  subjecting  lard  contained  in  woolen  bags  to  hydraulic 
pressure.  The  expressed  oil  is  chiefly  olein,  of  a  pale  yellow  color  and 
a  peculiar  bland  taste.  The  principal  use  of  lard  from  a  culinary  stand- 
point is  for  "shortening,"  to  diminish  the  adhesiveness  of  flour  in  making 
bread  and  cakes  and  for  preventing  the  pastry  from  being  tough. 

TALLOW.— Tallow  is  beef  fat  obtained  from  the  different  tissues  of 
cattle. 

SUET.— Suet  is  mutton  fat  or  that  part  of  the  fat  surrounding  the 
kidney  of  the  sheep. 

OLEOMARGARIN.— Oleomargarin  is  a  compound  of  beef  fat  with 
mutton  fat,  lard  oil,  cottonseed  oil,  peanut  oil,  corn  oil,  sesamine 
oil,  cocoanut  oil,  stearin  and  other  oils  and  fats,  which  are  ground  to- 
gether by  specially  designed  machinery  and  subjected  to  steam  heat  under 
pressure.  The  wholesomeness  of  the  product  is  regulated  by  act  of  Con- 
gress. It  is  a  good  substitute  for  butter  and  is  more  palatable  than  poor 
butter.  There  is  some  demand  for  it  as  a  food  product,  as  50,000,000 
pounds  of  it  are  sold  annually. 

BUTTERINE.— Butter ine  has  largely  replaced  oleomargarin.  It  is 
made  in  a  similar  manner,  only  the  ingredients  differ  in  proportion  and 
the  leaf  lard  of  the  hog  is  added  during  the  process  of  manufacture. 

BONE  MARROW.— Bone  marrow  is  an  easily  digested  and  wholesome 
form  of  fat  which  has  long  been  used  as  a  food.  The  marrow  of  the 
young  animals,  such  as  the  calf  and  lamb,  is  supposed  to  contain  more 
tissue-building  elements  than  the  marrow  of  mature  animals.  This  should 
be  borne  in  mind,  particularly  if  an  anemic  or  chlorotic  patient  is  to  be 
treated.     It  is  a  very  soft,  rich  fat. 

PEMMICAN.— Pemmican  is  made  of  meat  cut  in  slices  and  dried  in 
the  sun,  to  which  fat,  sugar  and  dried  fruit,  such  as  raisins  and  currants, 
are  added.  It  is  used  on  long  voyages,  especially  in  the  Arctic  regions, 
where  a  fatty  diet  is  essential  to  produce  heat  and  force. 

OTHER  FATS.— The  fat  of  a  good  roast  of  beef  is  very  nutritious. 
A  very  digestible  variety  of  fat  is  good  breakfast  bacon,  thinly  sliced 
and  broiled.  This  form  of  crisp  fat  is  often  digested  by  invalids  who 
cannot  tolerate  other  fats.  Ham  fat  and  pork  fat  are  usually  very  di- 
gestible, especially  when  ingested  hot. 

Brains  and  liver  of  animals  contain  considerable  quantities  of  fat, 
and  when  taken  as  a  food  furnish  fat  in  an  agreeable  form. 
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FISH  FATS.— The  foiniiKin  li«h  which  cMjiitain  hirge  amounts  of  fat  are 
the  eel,  salmon,  herring  and  niackerel.  Sardines  contain  some  fat,  but 
no  doubt  the  oil  in  wliich  they  are  preserved  exceeds  the  fish  oil  in  fuel 
value.  ^Many  species  of  fish  are  rich  in  oil.  The  Eskimo  eats  whale 
blubber  (fat).  The  oil  of  the  slunjron  is  extensively  employed  to  pre- 
serve caviare. 

Cod  Livkr  Oil. — Cod  liver  oil  is  nuinufactured  from  the  fresh  raw 
livers  of  the  codfish  by  subjecting  tlicni  to  heavy  pressure.  It  is  one  of 
the  most  easily  absorbed  of  all  the  oils.  Its  taste  is  objectionable  to  most 
people.  Cod  liver  oil  is  much  used  as  a  therapeutic  agent,  and  the  reader 
is  referred  to  text-books  on  materia  tnedica  and  therapeutics  for  further 
information  on  this  product. 
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Vegetable  Fats  and  Oils — Vegetable  fats  and  oils  are  derived  in  great- 
est abundance  from  the  seeds  of  plants  and  are  extracted  by  pressing  the 
crushed  seeds.  Most  of  the  cold  drawn  vegetable  oils  from  seeds  and 
fruits  are  suitable  for  culinary  purposes  or  for  the  preservation  of  food- 
stufTs.  The  elimination  of  all  fatty  acids  from  edible  oils  is  a  very  im- 
portant process,  brought  about  by  the  use  of  alkalies  or  alkaline  earths 
during  the  process  of  manufacture.  These  oils  should  not  congeal  at  tem- 
])eratures  near  the  freezing  point.  Olive  oil  does  not  congeal,  but  some 
other  oils,  such  as  cottonseed  oil  and  peanut  oil,  which  contain  stearin, 
have  to  be  demargarined  to  prevent  congealing.  To  prevent  this  the  oils 
are  stored  for  the  winter  months  in  large  tanks  to  allow  the  stearin  to 
settle  or  crystallize  out.  The  clear  oil  may  be  withdrawn  from  this,  or 
the  stearin  may  be  removed  by  filtering  or  by  centrifugalization. 

VALUE  OF  VEGETABLE  OILS  AND  FATS.— Vegetable  fats  and  oils  are 
very  valuable  for  the  production  of  heat  and  energy  for  the  body.  Com- 
pared with  sugar,  vegetable  fats  are  about  two  and  a  half  times  as  effective 
and  are  to  be  regarded  as  a  very  concentrated  form  of  nutriment. 

ABSORPTION  OF  VEGETABLE  FATS.— Unless  fats  and  oils  are  well 
emulsified  and  saponified  they  will  be  decomposed  in  the  intestines  into 
fatty  acids  and  glycerin,  which  recombine  when  passing  through  the  intes- 
tinal wall. 

Since  vegetable  oils  are  readily  absorbed  after  proper  emulsifica- 
tion  and  saponification,  they  may  be  ingested  in  relatively  large  quanti- 
ties, and  are  extremely  useful  for  the  diet  in  the  treatment  of  certain 
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diseases.  The  principal  uses  of  vegetable  oils  and  animal  fats  like  lard 
are  for  "shortening"  pastry  and  for  frying  foods.  Fried  foods,  however, 
are  difficult  to  digest,  because  the  material  becomes  saturated  with  fat, 
which  acts  as  a  barrier  to  the  free  penetration  of  the  digestive  enzymes. 
This  prevents  ready  contact  with  the  carbohydrates  and  proteins  of  the 
food  substance.  If  food  is  to  be  cooked  in  "deep  fat,"  the  process  used 
in  cooking  doughnuts,  it  is  important  that  the  heat  should  be  sufficiently 
high  so  that  very  little  of  the  fat  is  absorbed. 

PERCENTAGE  COMPOSITION  OF  OIL-BEARING  VEGETABLES.— The  fol- 
lowing table,  from  Professor  A.  A.  Church,  contains  a  list  of  oil-bearing 
vegetable  products,  with  the  percentage  composition  present  in  each: 


Palm  Nut  (pulp) 

contains  72 

per  cent  oi 

Brazil  Nut  (seeds) 

i 

67 

((               ct 

Almond  (kernels) 

i 

54 

il             it 

Ground  Nut   (peanut) 

i 

52 

((           It 

Sesame   (seeds) 

i 

51 

u             u 

Poppy  (seeds) 

I 

45 

u             u 

Olive  (pulp) 

u 

39 

il           11 

Olive  (kernels) 

\i 

44 

a             it 

Cacao  (seeds) 

u 

44 

U                  (( 

Cocoanut  (meats) 

u 

36 

((             (t 

Hemp  (seeds) 

u 

32 

il             ft 

Walnut 

t 

32 

11             it 

Cotton  (seeds) 

t 

24 

It             it 

Sunflower  (seeds) 

( 

22 

11             it 

Oatmeal 

I 

10 

it             It 

Com  (maize) 

i 

5 

u            u 

This  may  be  supplemented  by  the  following,  which  are  of  less  com- 
mercial importance :  rape  seed,  mustard  seed,  tomato  seed,  raisin  or  grape 
seed,  apricot  and  peach  kernels,  which  are  all  of  some  commercial  value. 
Flaxseed,  from  which  linseed  oil  is  made,  is  of  great  commercial  im- 
portance. 

Palm  Oil. — Palm  oil  is  obtained  by  cold  pressing  the  soft  part  of 
the  fruit  of  numerous  varieties  of  palm  trees  in  many  tropical  countries. 
It  is  semisolid  at  ordinary  temperatures  and  has  an  agreeable  taste.  Palm 
oil  is  extensively  used  for  food  purposes.  Its  chief  constituent  is  pal- 
mitin.  The  palm  nut,  from  the  kernels  of  which  palm  nut  oil  is  manu- 
factured, is  obtained  from  the  same  tree.  This  product  is  used  in  the 
manufacture  of  butterine  and  other  Ijutter  substitutes,  and  is  sold  as  vege- 
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table  butter  under  various  trade-marked  names.  Palm  oil  or  butter  is 
used  extensively  by  the  natives  in  districts  where  it  is  produced. 

Almond  Oil. — Almond  oil  is  obtained  from  either  the  bitter  or  sweet 
almond.  The  former  contains  a  greater  percentage  of  oil  and  is  more 
generally  used.  This  almond  nut  is  grown  extensively  in  countries  around 
the  ^lediterranean  Sea.  Almond  oil  is  sometimes  adulterated  with 
cheaper  oils  made  from  apricot  and  })cach  kernels.  Almond  oil  is  of  a 
clear  yellow  color  and  a  bland  taste. 

Peanut  Oil. — Peanut  oil  is  obtained  by  the  cold  hydraulic  pressing 
of  peanuts.  The  best  quality  of  peanut  oil,  called  cold  drawn  oil,  comes 
from  the  first  pressing.  Subsequent  pressings  and  pressing  with  'leat 
yield  oil  of  a  lower  grade.  The  residue  left  is  rich  in  proteins  and  starch 
and  is  valuable  as  a  stock  food.  The  principal  use  of  peanut  oil  is  for  a 
salad  oil,  either  alone  or  mixed  with  other  oils.  Recently  it  has  been 
largely  used  as  an  adulterant  for  olive  oil  and  is  itself  sometimes  adul- 
terated with  cottonseed  or  poppy  seed  oils.  Peanut  oil  is  an  excellent 
substitute  for  lard  in  "shortening"  or  in  other  culinary  uses.  It  is  supe- 
rior to  most  oils  for  the  "deep  frying"  of  foods. 

Sesame  Oil. — Sesame  oil  is  obtained  by  pressing  the  seeds  of  the 
sesamum  orient  ale  ^  a  native  plant  of  southern  Asia.  The  best  grades  of 
this  oil  are  a  golden  yellow,  free  from  any  disagreeable  taste  or  odor,  and 
may  be  used  in  place  of  olive  oil  for  salads.  Cold  drawn  sesame  oil  is 
considered  quite  equal  to  olive  oil  as  a  salad  oil.  It  has  a  slight  amber 
color,  a  grain-like  odor  and  a  pleasing,  bland  taste. 

Poppy  Seed  Oil. — Poppy  seed  oil  is  made  from  the  seeds  of  the  black 
and  white  poppies.  These  are  grown  extensively  in  Europe,  Turkey, 
Persia,  India,  China  and  Germany,  to  extract  the  oil  made  from  the  seeds, 
as  well  as  the  inspissated  juice  of  the  same,  which  supplies  the  opium  of 
the  world.  The  better  grades  of  poppy  seed  oil  are  of  a  light  color  and 
have  an  agreeable  taste.  This  oil  is  also  much  used  in  foreign  countries 
as  salad  oil. 

Olive  Oil. — Olive  oil  is  obtained  from  the  pulp  and  sometimes  from 
the  kernels  of  the  olive  fruit.  The  better  grade  of  olives  produce  from 
40  to  60  per  cent  of  oil.  It  is  called  virgin  oil  when  taken  from  the  first 
pressing.  The  poinace,  then  taken  from  the  press,  reground,  mixed  with 
water  and  repressed,  produces  a  second  grade  of  oil  in  the  process  of 
manufacture.  After  the  high  grade  oils  are  extracted,  they  are  further 
purified  by  being  placed  in  tanks  and  washed  with  water,  then  allowed  to 
stand  until  the  pulp  and  gummy  material  settle  to  the  lx)ttom,  when  the 
oil  is  carefullv  drawn  off.    Olive  oil  is  frequently  adulterated  by  the  addi- 
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tion  of  cottonseed  oil  and  peanut  oil.  Kape  seed  oil  and  poppy  seed  oil 
are  frequently  used  as  adulterants  of  olive  oil  in  Europe.  This  can  be 
readily  detected  by  chemical  analysis.  When  pure  olive  oil  from  the 
first  pressing  leaves  the  press  it  is  of  a  dark  green  color  from  the  pres- 
ence of  chlorophyl,  but  most  of  this  is  deposited  in  the  tanks.  Olive  oil 
has  a  peculiar  faint  odor  and  a  bland,  pleasant  taste. 

Mustard  Seed  Oil. — Mustard  seed  oil  is  produced  in  Switzerland 
and  Italy  and  commonly  used  in  those  countries  as  a  substitute  for  olive 
oil. 

Caca.o  Fat. — Cacao  fat  or  oil  of  theohroma  is  one  of  the  few  vege- 
table oils  that  is  solid  at  ordinary  temperatures.  It  is  prepared  by  pres- 
sure of  roasted  and  crushed  cacao  beans  or  nibs.  This  oil  is  obtained  dur- 
ing the  manufacture  of  chocolate.  Cacao  butter  has  a  pleasant  odor  and 
flavor  faintly  suggestive  of  chocolate.  It  is  extensively  used  in  pharma- 
cies and  in  the  manufacture  of  perfumes.  On  account  of  its  high  price 
it  is  frequently  adulterated  with  cocoanut  oil,  palm  oil,  beeswax  and 
paraffin. 

CocoANUTS. — Cocoanuts  have  long  been  a  source  of  fat.  There  are 
several  names  for  the  oil  made  from  this  nut,  dependent  upon  the  country 
in  which  it  is  made.  The  meat  of  the  cocoanut  includes  the  milk  which 
is  gradually  absorbed  as  the  nut  reaches  maturity.  The  milk  is  used  by 
the  natives  in  the  same  way  as  cow's  milk.  The  oil  is  obtained  from  the 
sun-dried  kernels.  This  is  prepared  by  the  natives  by  boiling  the  kernels 
in  water  and  removing  the  fat  by  skimming. 

Cocoanut  oil  is  semi-solid  at  ordinary  temperatures,  keeps  well  and  is 
free  from  fatty  acids.  It  is  seldom  adulterated  on  account  of  its  cheap- 
ness. It  is  extensively  used  for  culinary  purposes.  This  oil  must  not  be 
mistaken  for  salad  oil,  to  which  it  is  inferior.  Cocoanut  oil  is  a  fat  of 
moderate  consistency,  nearly  as  hard  as  lard,  and  has  an  agreeable  flavor, 
pleasant  taste  and  aroma. 

Cottonseed  Oil. — Cottonseed  oil  is  manufactured  from  the  seed  of 
the  cotton  plant.  The  seed  is  passed  through  machines  which  remove  the 
linters,  when  they  are  transferred  to  a  shelter  where  the  hull  is  broken 
and  separated  from  the  kernels  in  a  winnowing  machine.  The  kernels 
are  then  crushed  between  massive  steam  rollers  and  put  into  steam- 
jacketed  kettles,  where  they  are  cooked,  with  constant  agitation.  The 
mass  is  then  shaped  into  cakes  surrounded  by  cloth  and  subjected  to  from 
3,000  to  4,000  pounds  hydraulic  pressure  to  the  square  inch.  This  process 
yields  about  45  gallons  of  cottonseed  oil  from  a  ton  of  cottonseed.     The 
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oil  obtained  is  purified  and  the  residue  from  the  seed  is  broken  up  and 
ground  to  a  meal  and  put  on  the  market  as  a  stot^k  food.  The  process  of 
purifying  the  crude  cottonseed  oil  is  an  intricate  one.  Purified  cottonseed 
oil  as  u  food  product  has  become  popular  in  the  last  dec-ade.  It  is  prac- 
tically tasteless  and  odorless  and  is  as  wholesome  as  animal  fat.  It  is 
admirably  adapted  to  many  culinary  uses. 

Sunflower  Seed  Oil. — Sunflower  seed  oil  has  not  been  utilized  to 
much  extent  in  the  United  States,  although  the  seeds  contain  considerable 
oil.  In  some  European  countries  sunflower  seeds  are  eaten  as  an  ordinary 
food.  The  plant  is  extensively  cultivated  in  Russia,  Hungary,  India  and 
China  for  food  purposes.  The  oil  made  from  the  seeds  is  palatable  and 
needs  no  refining  to  make  an  excellent  salad  dressing.  The  best  grade  of 
oil  is  obtained  by  cold  pressure  of  the  whole  seeds. 

Corn  Oil. — Corn  oil  is  manufactured  from  the  germs  of  the  grains 
of  Indian  corn  or  maize.  The  germ  contains  more  than  20  per  cent  of  oil, 
the  odor  and  taste  of  which  are  agreeable.  This  oil  is  frequently  mixed 
with  other  vegetable  oils  and  used  largely  in  the  manufacture  of  oleomar- 
garin  and  lard  substitutes.  Corn  oil  is  a  by-product  of  starch  and  glu- 
cose factories  and  contains  stearic,  palmitic  and  oleic  acids. 

Rape  Oil. — Rape  oil  is  made  from  the  rape  seed,  which  produces  an 
excellent  oil  for  culinary  purposes.  The  "cold  drawn"  oil  is  of  the  best 
quality.  The  plant  is  grown  extensively  all  over  Europe,  also  in  India 
and  China.  Fresh  rape  seed  oil  has  an  agreeable  taste  and  odor,  but  on 
long  standing  it  becomes  rancid.  The  oil  is  frequently  adulterated  with 
cheaper  oil,  such  as  cottonseed  and  hemp  seed  and  poppy  seed  oil. 

Mustard  Oil. — Mustard  oil  is  an  excellent  bland  oil,  sometimes  used 
in  place  of  animal  fat  for  culinary  purposes.  This  oil  as  extracted  by 
pressure  is  a  by-product  in  the  preparation  of  mustard  as  a  condiment. 

Tomato  Seed  Oil. — Tomato  seed  oil  is  employed  especially  in  Italy 
as  a  salad  oil. 

Apricot  Kernel  Oil. — Apricot  kernel  oil  and  peach  kernel  oil  are 
both  edible  oils  and  important  articles  of  commerce.  They  are  princi- 
pally used  as  an  adulterant  to  almond  oil. 

Soy  Bean  Oil. — The  soy  bean  oil  contains  from  18  to  19  per  cent  of 
oil  which  is  of  such  good  quality  that  it  will  in  time  no  doubt  come  into 
general  use. 

Linseed  Oil. — Linseed  oil  is  manufactured  from  flaxseed.  It  is  some- 
times used  as  a  substitute  for  olive  oil,  but  is  not  very  digestible.  Its  prin- 
cipal use  from  a  commercial  point  of  view  is  in  the  painter's  trade. 
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Summary 

The  use  of  fatty  foods,  fats  and  oils  may  be  briefly  summarized  as  fol- 
lows, viz. : 

1.  They  yield  force  for  energy  and  work. 

2.  Their  consumption  supplies  heat. 

3.  They  yield  more  heat  than  the  other  classes  of  food. 

4.  They  accumulate  in  the  body  as  a  storage  of  reserve  force. 

5.  They  furnish  protection  to  many  important  tissues  and  organs. 

6.  They  serve  to  lubricate  and  make  more  plastic  various  structures 
of  the  body. 

7.  They  give  to  the  surface  of  the  body  rotundity  and  contour  of  curve 
which  is  in  the  line  of  beauty. 
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FRUITS,  NUTS  AND  GARDEN  FRUITS 
M.  E.  Jaffa,  M.D. 


General  Considerations :   Fruits  in  Relation  to  Climate;   Classification  of 

Fruits;    Chemical    Composition    of    Fruits;    Importance    of    Fruits; 

Digestion  and  Absorption  of  Fruits. 
Tree    Fruits:    Pomaceous,    Citrus,    Moraceous,    Anonaceous,    Myrtaceous, 

Sapotaceous,    Anacardiaceous,    Ebenaceous,    Leguminous,    Palmaceoua 

Fruits  and  Miscellaneous  Tree  Fruits. 
Ampelidaceous  or  Vine  Fruits:   Passifloreous  Fruits. 
Small  Bush  Berries. 
Herb-like  Fruits. 
Nuts. 

Garden  Fruits. 
Preservation  of  Fruits  by  Cold  Storage. 


GENERAL    CONSIDERATIONS 

Fruits  in  Relation  to  Climate. — Edible  fruits  show  the  greatest  range 
in  form,  color  and  appearance,  and  are  found  in  almost  countless  varie- 
ties the  world  over.  This  is  more  or  less  nature's  index  for  man's  neces- 
sity. 

That  fruits  grow  in  greatest  abundance  in  hot  climates  and  are  less 
profuse  in  the  cold  regions  of  the  earth,  emphasizes  the  fact  that  in  warmer 
climates,  fruits  and  non-stimulating  vegetables  are  better  suited  for  foods, 
while  the  more  stimulating  animal  foods  are  better  suited  for  the  inhab- 
itants of  the  colder  climates.  This  teleological  argimient  favors  more 
fruits  and  vegetables  and  less  animal  foods  in  the  summer  and  the  reverse 
in  the  winter  months,  even  in  the  temperate  regions. 

The  number  of  kinds  of  fruit  indigenous  to  the  temperate  region  is 
very  small  compared  with  the  great  number  of  varieties  in  the  tropics. 
Some  of  the  native  fruits  of  the  temperate  zone  still  grow  wild ;  but  the 
32  475 
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cultivated  varieties  of  apples,  pears,  plums,  strawberries  and  raspberries 
and  other  fruits  have  been  greatly  improved  by  cultivation,  in  size,  taste 
and  appearance.  The  cultivated  varieties  of  apple  are  a  superior  fruit  to 
their  original  parent,  the  crabapple,  while  the  delicious  cultivated  plum 
shows  a  great  contrast  to  the  parent  sloe. 

RECENT  PROGRESS  IN  FRUIT  TRANSPORTATION.— Though  the  variety 
of  fruits  grown  in  temperate  climates  is  small,  the  rapid  methods  of  trans- 
portation and  storage  have  placed  the  superabundance  of  the  tropics  and 
the  delicate  fruits  and  vegetables  of  the  whole  world  within  our  reach. 
Apples,  pears,  plums,  oranges,  lemons,  grapefruit,  pineapples,  mangoes, 
sapodillas,  mangosteens,  persimmons,  alligator  pears  and  various  other 
fruits  are  brought  from  many  parts  of  the  world.  Many  of  these  formerly 
were  rarely  seen  on  fruit  stands.     Now  they  are  never  absent. 

Classification  of  Fruits. — The  following  classification  of  fruits  most 
cultivated  is  taken  in  part  from  Bailey's(l)  ^'Principles  of  Fruit  Grow- 
ing." While  completeness  is  not  claimed,  yet  it  will  serve  as  an  inventory 
of  the  more  staple  fruits  grown  in  the  temperate  and  subtropical  climates. 
For  convenience  we  divide  fruits  into  the  following: 

CLASS    I,    TREE    FRUITS 

Classification  Varieties 

1.  Pomaceous  Fruits Apple,  pear,  quince  and  medlar. 

2.  Drupaceous  Fruits Plum,  peach,  apricot  and  cherry, 

3.  Citrous  Fruits Orange,  lime,  lemon,  grapefruit  and  kumquat. 

4.  Moraceous  Fruits Fig,  mulberry  and  bread  fruit. 

5.  Anonaceous  Fruits  . ; Sour  apple,  sugar  apple  and  pawpaw. 

6.  Myrtaceous  Fruits Guava,  rose  apple  and  Surinam  cherry. 

7.  Sapotaceous  Fruits Sapodilla,  marmalade  and  star  apple. 

8.  Anacardiaceous  Fruits Mango  and  Jew  plum. 

9.  Ebenaceous  Fruits Persimmon  and  Japan  persimmon. 

10.  Leguminous  Fruits St.  John's  bread  and  tamarind. 

11.  Nut  Fruits Walnut,  butternut,  chestnut,   pecan,   almond,  chin- 

quapin, filbert,  hickory  nut,  etc. 

12.  Palmaceous  Fruits Dates  and  cocoanuts. 

13.  Miscellaneous  Tree  Fruits. . .  Olive,  pomegranate,  alligator  pear  and  Mammee 

apple. 

CLASS   II,   VINE   FRUITS 

14.  Ampelidaceous  Fruits Fox  grape,  muscadine,  scuppemong. 

15.  Passifloreous  Fruits Granadilla,  Passiflora  edulis  and  others. 
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CLASS   III,   SMALL   BUSH   FRUITS 

16.  Bush  Fruits Haspborry,  blackberry,  wineberry,  dewberry,  cur- 

rant,   fi:<M>8eberry,    June    berry,     huckleberry, 
loganberry. 

17.  Strawberry Common   strawlM'rrj',   wild   Htrawberr>',   Virginian 

strawberry,  Alpine  strawberry  and  others. 

18.  Cranberries 

19.  Herb-like  Fruits Banana,  pineapple,  prickly  pear,  Barbadoes  goose- 

berry. 


Chemical  Composition  of  Fruits. — Fruit  contains,  besides  sugar,  salts 
and  organic  acids,  a  vegetable  substance  called  pectin^  ^A2^^A%^z2y  which 
has  already  been  described.  The  nutritive  value  of  fruit  depends  xx^m 
its  percentage  of  sugar.  Fruit  sugar,  or  grape  sugar,  is  glucose  or  dex- 
trose CeHjaOg.  It  is  found  in  large  quantities  in  such  fruits  as  grapes, 
which  contain  from  10  to  25  per  cent;  dried  figs,  60  to  70  per  cent;  cher- 
ries, 11  per  cent;  mulberries,  9  per  cent;  currants,  strawberries  and  whor- 
tleberries, each  6  per  cent,  and  raspberries,  4  per  cent.  Fruit  also  con- 
tains an  uncrystallizable  invert  sugar,  levulose,  CgHigOe-  When  pure, 
levulose  is  a  sirup;  it  exists  in  combination  with  dextrose  in  many 
fruits  and  vegetables,  notably  in  grapes,  figs,  cherries,  gooseberries,  straw- 
berries, peaches  and  plums.  In  dried  fruits  the  levulose  increases  at  the 
expense  of  the  dextrose,  which  is  inverted  by  means  of  a  ferment  or  en- 
zyme as  in  raisins. 

ACIDS  IN  FRUIT.— The  organic  fruit  acids  are  citric,  malic,  acetic, 
tartaric,  oxalic,  salicylic  and  boric  acids  alone,  or  combined  with  bases, 
to  form  salts  of  potassium,  sodium,  calcium,  etc.,  or  they  may  be  com- 
mingled with  phosphates,  carbonates,  sulphates  and  chlorids  of  such  bases 
in  smaller  proportion. 

Malic  acid  (II3C4II4O5)  is  present  in  generous  quantity  in  apples, 
pears,  red  and  white  currants,  blackberries  and  raspberries,  quinces,  pine- 
apples and  cherries.  Citric  acid  (H3C6H5O7)  is  found  in  lemons,  limes, 
oranges,  gooseberries,  strawberries  and  raspberries,  and  tartaric  acid 
(H2C4H4O6)  predominates  in  grapes,  though  it  exists  also  in  other  fruits. 
Salicylic  acid  is  sparingly  present,  probably  in  the  form  of  methyl  ester, 
in  plums,  cherries,  currants,  grapes,  strawberries,  raspberries,  etc.  Boric 
acid  is  said  to  be  present  in  oranges  and  lemons.  The  flavor  and  aroma 
of  fruits  are  due  to  the  various  ethers  of  the  particular  variety  of  fruits. 

The  above  acids  are  present  in  varying  proportions  in  fruit  juices 
where  they  occur  usually  as  acid  salts  of  potassium,  sodium  or  calcium, 
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imparting  an  agreeable  flavor  to  the  fruit  and  adding  a  wholesome  and 
stimulating  variety  to  the  food.  The  flavor  and  aroma  of  the  fruit  are 
due  to  various  ethers  and  essences  which  have  been  prepared  in  imitation 
in  the  chemical  laboratory  by  mixing  ethereal  salts  and  oils  with  each 
other  until  the  odor  of  every  fruit  has  been  imitated. 

CARBOHYDRATES.— The  carbohydrates,  such  as  cane  sugar,  grape 
sugar,  fruit  sugar,  include  the  principal  nutritive  constituents.  The 
special  kind  of  sugar  present  depends  upon  the  stage  of  ripeness  of  the 
fruit,  as  many  chemical  changes  occur  during  the  ripening  and  maturing 
process.  The  amount  of  the  different  sugars  and  of  the  acid  in  various 
fruits,  according  to  Leach,  is  about  as  follows (2)  : 

ACID  AND  CARBOHYDRATE  CONTENT  OF  FRUITS 

Cane  Sugar  Reducing  Sugar  Acid 

Apricots   6.04  2.74  1.864 

Pineapples   11.33  1.98  0.547 

English  Cherries 0.00  10.00  0.661 

Lemons 0.41  1.06  4.706 

Figs  0.00  11.55  0.057 

Strawberries 6.33  4.98  0.550 

Raspberries    2.01  5.22  1.380 

Gooseberries  0.00  6.40  1.574 

Oranges    4.22  4.36  0.448 

Peaches  (green)    0.92  1.07  3.900 

Pears  (Madeleine)    0.36  8.42  0.115 

Apples    2.19  5.45  0.633 

Prunes 5.24  2.43  1.288 

Grapes  (hothouse)   0.00  17.26  0.345 

Grapes  (green)   0.00  1.60  2.485 

Bananas   20.00  20.00  0.300 

Apples 5.28  8.72  1.148 

VARYING  COMPOSITIONS.-  The  composition  of  fruits  of  the  same  fam- 
ily, even  of  the  same  garden  or  tree,  varies.  These  variations  will  be  re- 
ferred to  in  the  following  paragraphs.  The  average  composition  in  carbo- 
hydrates, protein,  fat  and  inorganic  constituents  will  be  found  in  Chapter 
XIX — "Analysis  of  Foods,"  to  which  the  reader  is  referred.  The  protein 
and  fat  content  is  so  small  as  to  be  negligible  in  all  calculations  on  dietet- 
ics. Since  the  starches  and  sugars  of  various  kinds  possess  the  same  nutri- 
tive value,  this  analysis  shows  the  food  and  fuel  value  of  fruits  fairly 
well. 
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Importance  of  Fruits. — The  great  importance  and  therapeutic  value  of 
fresh  fruits,  more  partic.uhirly  for  the  inhahitants  of  towns  and  cities,  can- 
not be  too  strongly  emphasized.  The  organic  acids  in  fruit  arouse  the 
appetite,  and,  by  increasing  the  flow  of  saliva  and  indirectly  the  flow  of 
the  gastric  juice,  materially  aid  digestion.  When  the  friiit  first  reaches 
the  intestines,  its  acids  increase  the  acidity  of  the  chyme  and  stimulate  the 
secretions  of  the  liver  and  pancreas,  the  intestinal  glands  and  muscula- 
ture; their  influence  upon  the  blood  is  peculiar;  by  combining  with  a  por- 
tion of  the  alkaline  salts  of  the  blood  scrum  the  blood  is  rendered  less  alka- 
line, hut  never  acid.  The  action  of  the  phosphoric  acid  is  to  augment  the 
phosphates  of  the  red  blood  cells;  hence  fruits  are  antiscorbutic  and  of 
great  value  in  anemia,  general  debility,  and  convalescence  from  acute  ill- 
ness. 

Tomatoes,  gooseberries  and  strawberries,  on  account  of  the  oxalates 
contained  in  their  chemical  content,  are  of  value  for  persons  suffering  from 
amenorrhea,  bronchitis  and  asthma. 

Strawberries,  raspberries,  currants,  oranges  and  blackberries  contain 
salicylic  acid  and  are  a  valuable  addition  to  the  dietary  of  rheumatics. 

Digestion  and  Absorption  of  Fruits — The  digestibility  of  fruit  in  the 
stomach  and  intestine  depends  largely  on  the  nature  of  the  fruit  and  its 
degree  of  ripeness.  Two  small  apples  require  about  three  hours  for  diges- 
tion by  the  stomach.  On  the  other  hand,  if  the  fruit  is  unripe,  the 
cellulose  is  greater  and  digestion  will  be  more  difficult  Unripe  fruits 
containing  an  excess  of  acids  may  be  irritating  to  the  intestine  and  are 
frequently  the  cause  of  colic  and  diarrhea,  more  especially  in  young 
children.  On  the  other  hand,  in  ripe  fruits  the  cellulose  and  acids  excite 
only  gentle  stimulation  and  may  be  very  useful.  Owing  to  their  liberal 
cellulose  content  and  the  acid  salts  contained  in  fruits  they  stimulate 
intestinal  activity  and  relieve  constipation. 

The  absorption  of  fruits  corresponds  very  closely  with  the  absorption 
of  fresh  vegetables.  The  final  stage  in  the  digestion  of  fruit  is  the  conver- 
sion of  the  fruit  acid  salts  into  alkaline  salts,  chiefly  carbonates.  They  are 
therefore  valuable  adjuvants  to  the  diet  in  scurvy,  rheumatism,  gout  and 
other  diseases  of  the  uric  acid  diathesis.  They  increase  the  secretion  of 
the  urine  and  its  alkalinity.  Indeed  fruits  are  the  most  certain  agents  to 
render  the  urine  alkaline,  to  stimulate  the  kidneys  and  indirectly  the  skin, 
thereby  increasing  the  total  excretion  of  salts  and  other  materials. 
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TREE    FRUITS 
POMACEOUS    FRUITS 

Varieties  of  Pomaceous  Fruits — APPLE.— Apples  (Pyrus  malus)  come 
under  the  first  class  of  fruits.  They  are  essentially  a  fruit  of  the  tem- 
perate regions  of  the  earth.  Apple  trees  are  indigenous  to  most  parts  of 
the  world  and  thrive  wherever  the  oak  grows.  All  the  cultivated  varieties 
of  apples  have  been  derived  from  the  crab  or  wild  apple,  and  its  cultiva- 
tion is  prehistoric.  Apples  were  introduced  into  England  by  the  Romans, 
who  highly  appreciated  the  excellent  edible  qualities  of  the  fruit. 
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Fig.  42. — Composition  of  the  Apple.     ( Bull.  No.  293,  U.  S.  Dept.  Agric. ) 

Apples  for  dessert  should  be  characterized  by  a  firm,  juicy  pulp, 
piquant  flavor,  regular  form  and  beautiful  coloring.  Such  apples  are  the 
Baldwin,  Banana,  Bellflower,  Ben  Davis,  Codlin,  Fallawater,  Hubbard- 
ston,  None-Such,  Greening,  King  Pippin,  Northern  Spy,  Newtown  Pip- 
pin, Winesap,  Norton  Melon,  Spitzenburg,  Roxbury,  Russet,  McCrosky 
and  Opalescent  apples.  Red  Astrachan,  Yellow  Bell  Flower  and  others. 
Apples  for  cooking  are  characterized  by  the  property  of  forming,  by  the 
aid  of  heat,  a  jelly-like  mushy  mass  of  even  consistency,  commonly  termed 
apple-sauce. 

Chemical  Compositioi^  of  Apples. — The  pectin  bodies  contained  in 
apples  are  substances  which  give  the  fruit  juice  the  property  of  forming 
a  thick  mass  or  jelly,  especially  by  boiling,  in  cooking,  and  often  by  con- 
tinued exposure  to  sunlight.  Pectin  is  present  in  nearly  all  fruits,  al- 
though some  are  better  adapted  to  jelly  making  than  others.  Fruits 
yield  this  gelatinous  material  best  by  being  cooked  with  water.  In  the 
case  of  berries  and  very  juicy  fruits  but  little  water  is  needed.  Pectin  is 
precipitated  or  thrown  out  of  solution  by  such  substances  as  alcohol,  sugar. 
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salt,  etc.  Therefore  hard  water  should  not  bo  used  in  attempting  to  make 
jelly  from  raw  fruit. 

Pectin  yields  reducing  sugars,  furfural  and  mucic  acid  in  vary- 
ing quantities.  It  is  now  held  by  the  Department  of  Agriculture  (Bulle- 
tin 41))  tliat  pectin  bodies  are  produced  by  chemical  treatment  from  a 
combination  of  simple  carbohydrates.  The  a])plc  is  a  nmch  used  and 
highly  prized  fruit.  The  dietetic  value  of  apples  is  very  great,  q&\^ 
oially  as  an  antiscorbutic  and  laxative  when  taken  on  an  empty  stomach. 
The  trophotherapeutic  value  of  this  fruit  in  regulating  the  constipation 
of  dyspeptics  is  very  great. 

Richards  gives  the  following  as  the  average  composition  of  apples: 
Total  solids,  13.65  per  cent;  ash,  0.288  per  cent;  acidity  expressed  as 
sulphuric  acid,  8.73  per  cent;  cane  sugar,  1.53  per  cent;  crude  fiber, 
0.96  per  cent    Sugar  is  the  most  valuable  and  abundant  nutrient  present 

Wholesomeness  of  Apples. — Apples  are  a  wholesome  food  either 
raw  or  cooked.  They  exert  a  mildly  aperient  action.  Dyspeptics  should 
not  eat  too  freely  of  raw  apples,  but  an  abundance  of  cooked  apples  is  not 
only  pleasant  but  curative.  Individuals  of  sedentary  habits,  whose  livers 
are  sluggish,  will  be  benefited  by  the  use  of  ripe  apples,  which  will  assist 
in  eliminating  noxious  matters  from  the  body. 

Apple  Cider. — Apple  cider  is  a  fermented  liquor  made  from  the 
juice  of  apples  and  is  not  inferior  to  some  wines  when  due  attention  is 
paid  to  the  selection  of  the  fruit  and  its  manufacture  into  cider.  It  con- 
tains the  acids  and  salts  of  the  fruit,  the  acidity  being  sometimes  increased 
by  the  acetous  fermentation. 

THE  PEAR. — The  pear  is  a  native  of  temperate  Europe,  Asia  and 
Great  Britain.  All  cultivated  varieties  are  derived  from  the  wild  pear, 
with  possibly  some  crossing  with  the  snow  pear — so  called  because  it  is 
eaten  in  the  winter — of  Austria  and  Italy.  Of  the  numerous  varieties,  the 
most  delectable  are  as  follows:  Bartlett,  Bockworth,  Flemish  Beauty, 
Columbia,  Kieffer,  Lawrence,  Manning,  Mt.  Vernon,  Pound,  Seckle,  Ty- 
son and  Winter  Nele^s.  Pears  are  not  so  commonly  used  for  food  as 
apples,  because  they  are  not  so  well  adapted  for  cooking  Good  ripe  pears 
are  a  delicious  dessert  fruit.  They  are  characterized  by  a  saccharin  aro- 
matic juice,  a  soft,  pearly,  liquid  pulp,  which  readily  melts  in  the  mouth 
in  some  varieties,  principally  the  summer  ones,  but  is  firmer  in  most  win- 
ter varieties.  The  Bartlett  and  Seckle  varieties  are  especially  adapted  for 
canning. 

Perry. — Perry  is  a  strong  fermented  beverage  similar  to  cider,  made 
from  the  juice  of  pears.    It  contains  about  the  same  percentage  of  alcohol. 
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In  some  parts  of  England  pears  are  grown  for  this  purpose  and  the 
beverage  is  equal  to  champagne  cider. 

QUINCE.— Quince  grows  freely  wherever  apples  grow.  It  was  known 
to  the  ancient  Greeks  and  Romans  and  formed  an  important  element  in 
their  religious  rites  and  civil  ceremonies.  It  is  mentioned  by  Pliny  and 
Plutarch  as  a  deterrent  against  evil  influences.  It  was  naturalized  at  an 
early  period  in  Persia  and  in  the  countries  surrounding  the  Mediter- 
ranean. There  are  several  varieties  of  the  fruit.  It  is  a  handsome 
yellow  pome,  a  hard,  austere  fruit,  and  is  not  edible  in  the  raw  state,  but 
is  much  used  for  preserving  in  marmalades  or  jelly  form.  The  quince 
has  a  fine  flavor,  which  is  communicated  to  any  other  fruit  with  which 
it  is  cooked. 


DRUPACEOUS  FRUITS 

Varieties  of  Drupaceous  Fruits — the  plum.— The  plum  belongs  to  the 
drupe  fruits,  which  have  one  or  more  stones  or  "pits"  surrounded  by  an 
edible  fleshy  layer.  Inside  the  stone  or  pit  is  a  kernel  which  is  also  in 
some  cases  edible.  There  are  about  a  dozen  species  of  this  fruit  found  in 
the  north  temperate  zone  of  the  globe.  They  are  much  used  for  tarts,  jams 
and  jellies.  Plums  are  an  agreeable,  refreshing  fruit  containing  about  the 
same  amount  of  nutriment  as  apples  and  pears;  they  are  apt  to  cause 
diarrhea  and  should  therefore  be  eaten  sparingly  by  weak  and  delicate 
persons. 

PRUNES. — Prunes  are  a  variety  of  plums  which  are  largely  preserved 
by  drying.  They  are  ovoid  in  shape,  their  exterior  black  and  wrinkled, 
their  pulp  brownish.  They  contain  a  purgative  principle  which  makes 
them  of  value  as  an  aperient.  They  are  grown  extensively  in  Spain, 
France,  California  and  other  fruit-growing  countries.  It  is  estimated 
that  California  produces  150,000,000  pounds  annually.  The  method 
of  drying  and  preserving  is  outlined  in  the  chapter  on  dehydration  in 
Volume  11. 

Proper  Method  of  Cooking  Dried  Fruits. — The  proper  way  to 
cook  prunes  or  other  dried  fruit  is  as  follows :  wash  in  warm  water  to  re- 
move any  grit ;  drain ;  cover  with  cold  water  and  allov/  to  stand  for  twelve 
hours ;  let  simmer  slowly  until  cooked,  but  do  not  boil. 

DAMSONS.— The  damson  is  a  species  of  prune,  of  which  there  are  many 
varieties.  It  was  introduced  from  Damascus.  The  fruit  grows  on  a  tree 
not  unlike  the  sloe.  It  is  small  and  oval,  of  finer  quality  than  the  ordinary 
plum,  and  has  more  astringency.    The  favorite  American  varieties  are  the 


TUEE    FKUITS  483 

bluish  aiul  dark  purple  damsons,  which  arc  excellent  for  preserves  and 
uiarinalades. 

THE  PERSIMMON.— The  persimmon  (Diospyros  virginiana),  or  date 
plum,  came  ()rii:;iiuilly  from  China.  The  fruit  is  succulent  and  of  a  red- 
dish yellow  color  when  ripe.  It  contains  eight  or  ten  seeds.  The  green 
fruit  is  very  astringent,  but  when  ripened  after  frost  it  is  sweet  and 
palatable.  The  persimmon  grows  wild  extensively,  especially  ill  the 
Southern  states.  A  beer  is  nuule  by  fermenting  the  ripe  fruit  with  dried 
apples  and  locusts.  The  American  persimmon  contains  14.5  j)er  cent  of 
sugars,  of  which  13.5  per  cent  is  glucose  and  the  rest  cane  sugar.  The 
pulp  of  the  wholly  ripened  fruit  is  sweet  and  has  an  inviting  flavor. 
Many  excellent  varieties  of  large  size  are  now  produced  from  the  Amer- 
ican persimmon. 

THE  PEACH. — The  peach  is  a  drupe  of  the  genus  prunece,  introduced 
into  fCurope  from  Persia.  It  is  extensively  cultivated  in  the  semi-tropical 
regions  of  Europe,  Africa  and  Asia  and  in  many  localities  of  the  United 
States.  The  fruit  is  large  and  downy,  with  a  kernel  which  contains  a 
large  proportion  of  amygdalin,  which  produces  prussic  acid.  There  are 
two  sorts,  one  in  which  the  flesh  clings  to  the  stone,  and  the  other  in 
which  the  ripened  flesh  freely  leaves  the  stone.  The  flesh  of  the  peach  is 
well  flavored,  depending  upon  the  presence  of  a  small  quantity  of  hydro- 
cyanic acid  and  fruit  ethers.  As  peaches  ripen,  the  reducing  sugars  de- 
crease in  quantity  while  sucrose  increases.  It  is  well  known  that  peaches 
picked  before  they  are  ripened  and  shipped  to  market  in  cold  storage  do 
not  develop  that  fine  peachy  flavor  which  is  found  in  peaches  that  reach 
maturity  and  ripen  on  the  tree. 

Peaches  are  regarded  as  among  the  most  delicious  and  valuable  of  all 
orchard  fruits,  for  eating  raw,  for  evaporating,  preserving  or  canning. 
Lemon  and  orange  "clings"  and  Crawfords  are  the  most  popular  varieties 
for  canning  purposes.  The  nectarine  is  a  variety  of  peach  having  a 
smooth  skin  and  a  reasonably  firm  pulp.  There  are  two  varieties,  "free- 
stone" and  "clings." 

Peach  Brandy. — Peach  brandy  is  a  delicious  alcoholic  beverage  made 
from  fermented  peach  juice  distilled.  The  product  is  very  tasty  and  con- 
tains about  50  per  cent  absolute  alcohol. 

APRICOTS.— Apricots,  of  delicious  flavor,  are  cultivated  extensively  in 
China,  Japan,  Syria  and  California.  This  fruit  belongs  to  the  peach  fam- 
ily and  grows  readily  in  warm  and  temperate  climates.  It  is  supposed  to 
have  its  origin  in  Armenia.  It  was  introduced  into  England  about  the 
sixteenth  century.    Unlike  the  peach,  the  skin  of  the  apricot  is  not  downy. 
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Analyses  of  ripe  apricots  show  saccliarose,  3.8  per  cent;  invert  sugar,  2.25 
per  cent,  and  dextrose,  0.35  per  cent. 

THE  CHERRY.— The  cherry  has  been  improved  from  the  wild  cherry  of 
Great  Britain  and  Europe.  Its  origin  appears  to  have  been  in  the  Cau- 
casus of  Asia.  It  is  said  that  when  Lucullus  returned  to  Rome  after  his 
victory  over  Mithri dates  in  the  province  of  Pontus,  he  brought  with  him 
to  adorn  the  triumph  of  his  victory  a  cherry  tree  laden  with  fruit.  There 
are  more  than  two  hundred  and  fifty  varieties  of  cherries,  some  sweet  and 
some  sour.  This  fruit  is  extensively  grown  for  the  market  in  the  United 
States.  Some  of  the  sweet  varieties,  like  the  red  heart,  black  heart,  white 
heart  and  ox  heart,  are  admirably  adapted  for  eating,  while  the  sour  cher- 
ries, like  the  Morello,  Montmorencies  and  Dukes,  are  used  for  canning  and 
for  pies,  tarts,  brandied  cherries  and  for  making  "cherry  bounce." 

The  Maraschino  Cherry. — The  Maraschino,  grown  in  Italy,  is 
largely  used  to  decorate  salads  and  cocktails.  This  cherry  is  prepared  by 
bleaching  the  fruit  in  a  solution  of  salt,  washing  thoroughly  and  then  satu- 
rating with  sugar  or  glucose  and  dyeing  red  or  any  desired  tint  with  coal 
tar  dyes  and  preserving  in  alcohol.  They  are  sometimes  flavored  with 
almond  oil.  Large  quantities  of  Maraschino  cherries  are  shipped  packed 
in  brine  to  the  United  States  from  the  province  of  Dalmatia  in  Austria. 
They  are  processed  in  this  country.  No  matter  where  treated,  very  little 
of  the  original  acids  remains  in  the  processed  product. 

Cherry  Brandy. — Cherry  brandy  is  made  by  expressing  the  juice  of 
ripe  cherries  and  allowing  it  to  undergo  fermentation.  It  is  then  distilled, 
producing  a  brandy  of  piquant  flavor  and  taste. 

Cherry  Bounce. — Cherry  bounce  is  made  from  sugar  and  brandy  in 
which  cherries  have  been  soaked.  This  concoction  is  a  tasty,  pleasing  bev- 
erage. 

Composition  of  Cherries. — Cherries  are  extensively  cultivated  in 
the  most  temperate  climates  of  the  earth.  Their  chief  value  lies  in  the 
fact  that  they  are  among  the  earliest  fruit  of  the  season.  They  contain 
cellulose,  pectose,  sugars,  protein,  acids,  ethereal  oils  and  salts  and  an 
unfermentable  sugar  sorhile.  The  cherry  contains  more  than  20  per  cent 
of  solids,  considerably  more  than  apples,  and  11  per  cent  of  sugars. 
They  are  a  most  delicious,  tasty  fruit,  raw  or  cooked. 

CITROUS    FRUITS 

Description  and  Varieties  of  Citrous  Fruits. — Citrous  fruits  include  a 
number  of  botanical  species,  such  as  the  orange,  lemon,  lime,  mandarin, 
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gi'apefruit,  citron  and  kumcpiat.  Tliese  fniits  were  indi|;^nou8  to  China 
and  Asia,  but  were  introduced  very  early  into  the  countries  surrounding 
the  Mediterranean  Sea  and  suhsetjuently  into  North  America.  These 
fruits  are  extensively  grown  in  Southern  (^ilifornia  and  Florida.  They 
thrive  where  there  is  moisture  and  where  the  temperature  does  not  fall 
below  18°  F.  or  go  above  95°  F.  These  fruits  are  characterized  by  a  thick 
])eel  or  rind  which  is  not  edible,  but  is  used  for  the  production  of  a  volatile 
oil.  The  i)rincij)al  acids  of  these  fruits  are  citric  acid  (('flllsOT  II2O), 
})hosphoric  acid  (II3PO4)  and  a  little  malic  acid.  The  sugars,  which  are 
of  both  the  cane  and  invert  varieties,,  range  from  1  to  10  per  cent. 

THE  CITRON.— The  citron  is  the  fruit  of  the  citron  tree,  a  native  of 
the  warm  parts  of  Asia.  The  fruit  has  nine  loculi  or  cells  forming  a 
white  pulp  which  is  said  to  be  less  acid  than  the  lemon.  It  is  seldom  eaten 
raw,  being  usually  preserved.  Tlie  rind  is  the  part  used  for  confectionery, 
for  instance  in  crystallized  fruit.  The  citron  is  thick  and  spongy  and  has 
a  fragrant  aroma  and  an  inviting  taste.  This  fruit  should  be  distin- 
guished from  another  fruit,  or  more  properly  a  variety  of  watermelon  of 
the  sam.e  name,  which  also  has  a  pulp  used  as  a  confection.  The  sweet 
citron  is  a  hybrid  product  of  the  citron  and  the  orange  and  is  a  very 
delicious  fruit. 

LIMES.— Limes  grow  in  any  region  where  the  orange  and  lemon  thrive. 
They  are  extensively  cultivated  in  Italy,  Florida  and  the  West  Indies. 
The  fruit  is  oval,  pale  yellow  and  not  suitable  for  eating.  It  is  even 
sourer  than  the  lemon.  The  principal  varieties  are:  (a)  the  sweet  lime, 
cultivated  in  gardens;  (6)  the  lemon  lime  or  sweet  lemon,  cultivated  in 
Leguria;  (c)  the  bergamot  lime,  grown  in  Calabria.  The  juice  is  ex- 
pressed and  exported;  the  rind  is  very  fragrant  and  yields  an  oil  known 
as  "essence  of  bergamot."  Lime  juice  is  not  a  medicine,  but  is  valuable 
as  an  antiscorbutic. 

THE  LEMON.— The  lemon  is  a  native  of  India,  but  is  cultivated  in 
most  warm  countries,  especially  Italy,  Spain,  Sicily,  Florida  and  Cali- 
fornia. There  are  many  varieties.  Those  most  in  demand  are:  (a)  the 
Genoa  lemon,  oval  in  shape,  skin  thick  and  rough,  with  an  abundance 
of  sour  juice;  (h)  the  lustrato,  or  thin-skinned  lemon,  having  a  smooth, 
fragrant  rind,  delicate  pulp,  acid  juice  but  agreeable  taste  and  fragrant 
aroma,  gro^vn  to  perfection  only  around  Rome;  (c)  the  sweet  lemon;  (d) 
the  citron  lemon,  having  a  pulp  like  an  orange,  a  peel  like  a  lemon,  and 
a  rough,  warty  exterior,  grown  in  Florida  and  California.  This  last  is 
one  of  the  most  delicate  of  citrous  fruits. 

CoMPOsiTioi?^  OF  THE  Lemois^. — ^When  the  lemon  is  allowed  to  ripen 
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on  the  tree  it  becomes  coarse  and  of  an  inferior  quality.  The  choicest 
fruit,  therefore,  is  picked  green  when  it  reaches  marketable  size.  The 
lemon  contains  less  than  one-half  of  one  per  cent  sugar  and  over  five  per 
cent  of  citric  acid,  H3C6H5O7.  It  is  characterized  by  an  essential  oil, 
which  is  abundantly  found  in  the  rather  thick  rind.  The  oil  of  lemon 
contains  citral  (CioHigO),  nonylaldehyde,  acetylaldehyde,  citronal,  dex- 
trolimonene,  cymen  phellandrene  and  pinem(3).  It  is  obtained  by  pres- 
sure of  the  fresh  rind  of  ripe  lemons  by  distilling  it  with  water. 

The  acids  of  the  lemon  occur  both  free  and  combined  with  a  base,  usu- 
ally potassium.  On  account  of  its  composition,  piquant  acidity,  low  sugar 
content  and  the  protection  due  to  the  hard  rind  of  the  fruit,  it  bears  trans- 
portation and  storage  exceedingly  well.  The  lemon  is  used  the  world  over 
for  flavoring,  as  a  relish  and  for  making  cooling,  refreshing  beverages. 
Lemonade  is  an  exceedingly  piquant,  pleasant,  refreshing  drink  suitable 
for  the  use  of  people  of  a  bilious  temperament.  The  alkaline  citrates  of 
the  juice  enter  the  blood  and  undergo  partial  oxidation  in  the  system  into 
carbonic  acid  and  water  and  partly  to  carbonates.  Essence  of  lemon,  a 
flavoring  extract,  is  an  alcoholic  solution  of  the  oil.  The  best  fruit  is 
gathered  while  still  green  after  reaching  a  marketable  size  and  allowed 
to  ripen  in  open  sheds.  Lemons  ripened  on  the  trees  are  of  a  coarse 
quality. 

THE  ORANGE.— Oranges  are  cultivated  in  all  the  warm  countries  of 
the  world,  in  tropical  and  subtropical  islands  and  archipelagoes.  The 
orange  is  a  globular  golden-yellow  fruit  divided  into  eight  or  ten  loculi  or 
cells,  each  filled  with  a  juicy  and  delicious  pulp  made  up  of  a  mass 
of  oblong  vesicles,  containing  seeds.  When  ripened  on  the  tree,  the 
orange  has  an  extremely  juicy  pulp,  which  is  sufficiently  tender  to  be 
eaten  with  a  spoon.  It  is  one  of  the  most  fragrant,  delicious  and 
palatable  fruits  provided  by  nature;  it  is  not  very  nutritious,  but  has 
valuable  antiscorbutic  and  other  salutary  properties.  Oranges  are  useful 
in  feverish  conditions,  illness  or  convalescence,  when  fruit  is  not  entirely 
forbidden. 

CoMPOsiTioisr  OF  THE  Oeange. — The  orange  contains  from  5  to  10  per 
cent  of  sugar,  a  part  of  which  is  sucrose  or  invert  sugar.  The  percentage 
of  acid  reckoned  as  citric  acid  varies  from  one  to  two  per  cent.  The  pulp 
contains  about  85  per  cent  of  water ;  the  nutritive  value,  therefore,  of  the 
orange  is  not  very  high.  It  is  a  valuable  fruit  from  a  dietetic  standpoint 
on  account  of  its  palatability,  its  mineral  and  organic  salts  and  its  general 
salutary  influence  on  other  food  in  the  alimentary  tract. 

The  Chief  Varieties  of  Oranges. — The  chief  varieties  of  oranges 
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aro  the  folluwing:  (a)  Bitter  Seville  oranges,  not  very  edible  and  used 
largely  for  inarinalade;  (6)  Sweet  or  China  oranges,  distinguished  by  a 
smooth,  thin  skin  scarcely  separable  from  the  frUit.  They  are  the  finest 
edible  oranges,  excelling  all  others  by  the  delicacy  of  the  flavor  and  per- 
fume, and  by  an  abundance  of  sugary  juice;  (c)  the  Portugal  orange  has 
a  deep  color  and  inviting  aroma;  (d)  the  navel  orange  is  a  large  rounded 
oval  fruit,  receiving  its  appellation  from  its  characteristic  appearance. 
They  are  sweet,  delicious  and  much  prized.  The  navel  orange  is  grown 
in  the  United  States,  Brazil  and  other  countries;  (e)  the  blood  orange 
is  the  product  of  an  orange  tree  grafted  upon  a  pomegranate  tree  and  is 
characterized  by  a  change  in  color  during  ripening.  Streaks  of  red  ap- 
pear in  the  flesh  as  the  fruit  reaches  maturity.  This  grows  deeper  in  color 
until,  when  well  ripened,  the  whole  fruit,  including  the  skin,  is  influenced 
by  the  coloring;  (/)  the  tangerine  orange  is  a  small  flat,  highly  perfumed 
fruit  with  agreeably  flavored  flesh;  (g)  the  Mandarin  orange,  grown  in 
Italy,  Spain  and  Algeria,  has  a  sweet  and  edible  rind  which  is  often  easily 
separated  from  the  fruit.  It  is  red  without  and  within  and  has  a  fine 
perfume.  The  Japanese  or  Satsuma  orange  is  similar  to  the  Mandarin 
and  tangerine  oranges. 

The  Kumquat. — The  kumqnat  is  a  dwarf  orange  about  the  size  of  a 
large  plum.  The  pulp  is  agreeably  acid  and  the  skin  aromatic.  It  is  a 
native  of  China,  but  is  grown  in  many  other  countries. 

GRAPEFRUIT  AND  SHADDOCK.— The  grapefruit  and  shaddock  are  the 
largest  fruits  of  the  citrus  family.  They  are  natives  of  Southern  China 
and  are  very  popular  in  the  United  States.  According  to  some  authori- 
ties the  grapefruit  and  shaddock  are  two  difl'erent  varieties  or  species 
of  citrus.  The  shaddock,  named  after  Captain  Shaddock,  who  introduced 
it  into  England,  is  the  larger  of  the  two.  It  often  weighs  ten  or  twelve 
pounds.  The  grapefruit  is  smaller  and  has  a  finer  flavor.  Grapefruit 
is  now  grown  extensively  in  California,  Florida  and  Cuba,  and  the  Isle 
of  Pines.  The  fruit  is  more  sour  than  the  orange  but  less  sour  than  the 
lemon.  The  Cuban  fruit  is  less  acid  and  devoid  of  the  bitterness  which 
to  some  extent  characterizes  the  Californian  and  other  varieties.  It  has 
come  to  be  regarded  as  a  valuable  addition  to  the  American  breakfast 
menu. 

MORACEOUS   FRUITS 

Varieties  of  Moraceous  Fruits — THE  FIG.— The  ^gy  the  fruit  of  the 
!N"atural  Order  of  Moracece,  is  quite  different  in  nature  from  the  apple, 
orange  or  other  seed-bearing  fruit.     It  has  a  large  receptacle  containing 
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numerous  very  small  flowers.  The  ripe  carpels,  which  are  called  seeds, 
are  imbedded  in  a  saccharated  pulp.  They  are  eaten  green,  while  they 
are  fresh,  or  dried.     Figs  are  very  nutritious  (4). 

The  ^g  has  been  cultivated  from  the  remotest  antiquity,  as  shown  by 
ancient  historic  and  sacred  writings.  It  is  mentioned  in  the  Iliad  as 
growing  near  Troy,  and  the  sweet  fig  is  mentioned  in  the  Odyssey.  Romu- 
lus and  Remus  according  to  tradition  were  nursed  at  the  foot  of  a  fig  tree. 
The  ^g  grows  chiefly  over  vast  areas  of  Syria  and  Persia.  There  are 
numerous  species,  but  the  most  noted  is  the  common  i^g.  This  is  a  native 
of  Persia  and  adjacent  countries..  The  quality  of  preservation  by  means 
of  drying  early  revealed  its  importance  as  a  storage  food  of  great  value. 
It  is  very  prolific,  producing  three  crops  each  season  in  the  Levant  and  in 
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Fig.  43. — Composition  of  the  Fig.     (Bull.  No.  293,  U.  S.  Dept.  Agric.) 

Spain.  A  fig  tree  in  its  prime  will  produce  from  100  to  200  pounds  of 
figs  at  a  bearing.  The  fruit  grows  to  perfection  in  some  southern  states 
and  in  lower  California. 

Fertilization  of  the  Fig. — The  male  and  female  flowers  of  the  fig 
grow  upon  separate  trees.  Fertilization  is  brought  about  by  means  of  in- 
sects, notably  by  the  fig  wasps.  The  process  is  called  caprification  and  has 
been  studied  alike  by  botanists  and  by  entymologists.  To  fertilize  the 
blossoms  of  the  cultivated  fig  it  is  customary  in  eastern  countries  to  hang 
upon  the  ^g  trees  branches  of  the  wild  fig-bearing  fruit  or  capri  figs. 
It  has  been  observed  that  only  by  so  doing  can  the  cultivated  fruit  reach 
perfection  in  development  and  flavor. 

Botanists  have  found  that  capri  figs  or  wild  goat  figs  contain  the  male 
flowers,  while  the  cultivated  figs  contain  only  female  flowers.  The 
flowers  of  the  wild  ^g  contain  numerous  eggs  of  the  ^g  wasp.  This  in- 
sect when  it  has  escaped  from  the  staminate  or  male  flower  with  her  body 
covered  with  pollen,  instinctively  seeks  a  place  for  laying  her  eggs  and 
finding  the  Smyrna  figs  near  by,  forces  her  way  into  the  flower-bearing 
receptacle  and  thus  fertilizes  the  pistillate  flowers — that  is,   the  wasp 
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carries  the  pollen  from  the  male  to  the  female  flowers  and  thereby  secures 
fertilization. 

NuTKiMENT  OF  Dried  AND  Frksh  Figs. — ^I'resh  green  figs  are  a 
wholesome  and  agreeable  fruit.  Dried  figs  are  nutritive  by  virtue  of 
(10  to  70  per  cent  of  sugar.  They  contain  pectoral  and  liave  demulcent 
and  laxative  properties.  If  eaten  in  excess  they  cause  pain,  flatulence 
and  diarrhea.  As  a  source  of  heat  and  energy  they  ha^e  a  very  high 
fuel  equivalent.  One  pound  of  figs  will  produce  1,475  heat  units  or 
calories  of  energy.  Weight  for  weight,  figs  contain  more  nutrient  prop- 
erties than  bread.  One-half  pint  of  milk  and  six  ounces  of  figs  make  a 
good  meal. 

THE  MULBERRY.— The  mulberry  consists  of  a  collection  of  small 
drupes.  It  was  introduced  into  England  about  the  sixteenth  century  and 
is  now  cultivated  in  most  countries  of  Europe,  Asia  and  America.  The 
fruit  is  agreeable  and  succulent.  It  has  a  characteristic  flavor,  is  cooling 
and  laxative.  The  tree  is  cultivated  chiefly  for  its  green  leaves,  as  a  food 
for  silkworms.  A  wine  is  made  from  the  juice  and  a  vinegar  from  the 
wine.  The  fruit  is  of  a  deep  red  color,  has  a  sweet  flavor  and  piquant 
acidity.  Mulberry  and  apple  juice  combined  make  a  cider  of  port  wine 
color. 

BREAD  FRUIT. — Bread  fruit  is  a  large  spurious  fruit  or  sorosis  (cov- 
ered with  hooks)  like  the  pineapple.  It  consists  of  a  somewhat  rounded 
fleshy  mass  six  inches  or  more  in  diameter,  greenish  in  color,  and  con- 
tains a  white  fibrous  pulp  Avhich  becomes  yellow  and  succulent  during 
maturation.  The  taste  of  the  pulp  is  somewhat  similar  to  the  cabbage. 
It  is  roasted  before  being  eaten  or  made  into  bread.  It  is  indigenous 
to  Java  and  Ceylon,  w^hose  natives  make  favorite  dishes  from  it.  It  has 
been  cultivated  from  great  antiquity.  There  are  many  varieties.  Bread 
fruit  forms  the  principal  foodstuff  of  the  Malay  and  South  Sea  Islands. 

ANONACEOUS    FRUITS 

Varieties  of  Anonaceous  Fruits — the  sour  apple.— The  sour  apple 
or  sour  sop  is  grown  abundantly  in  Jamaica.  It  is  a  large  conical  or  pod- 
like fruit  from  five  to  twelve  inches  long,  about  two-thirds  as  broad,  taper- 
ing at  the  top  to  a  rounded  point.  The  pod  may  w^eigh  as  much  as  two 
pounds.  It  has  a  thick  greenish-yellow  skin,  covered  with  hooks  (sorosis). 
A  fibrous  core  runs  through  the  center  surrounded  with  a  white  pulp, 
w^hich  is  pleasantly  acid.  It  is  used  for  making  preserves  and  beverages. 
The  trees  grow  wild  in  the  West  Indies  and  South  America. 
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THE  CUSTARD  APPLE.— The  custard  apple  is  a  native  of  the  West 
Indies,  but  grows  in  all  tropical  countries.  It  is  called  bullock's  heart  in 
the  East  Indies.  The  fruit  is  the  size  of  a  tennis  ball,  spherical  and  of  a 
greenish  or  dark  brown  color.  The  peculiarity  of  the  fruit  is  that  the 
edible  pulp  forming  almost  the  entire  mass  is  of  the  consistency  of  a  cus- 
tard. The  pulp  tastes  like  clotted  cream  and  sugar  and  has  a  pleasing 
odor  simulating  rose  water.  It  surrounds  a  black  seed  and  the  whole  is 
enclosed  within  a  tough  skin.     It  is  delicious  eaten  raw. 

SUGAR  APPLE.— The  sugar  apple  is  a  West  Indian  fruit  closely  allied 
to  the  custard  apple.  It  is  heart  shaped  or  ovoid,  greenish  yellow  in  color, 
covered  with  scales  like  tLe  pineapple,  and  has  a  thick,  sweet,  luscious 
pulp.    It  is  also  called  "sweet  sop,''  and  in  British  Indies  "custard  apple." 

THE  PAWPAW.— Pawpaw  fruit  grows  on  small  trees  throughout  the 
central  United  States.  In  size  it  resembles  a  large  pear.  The  pulp  has  an 
odor  and  taste  simulating  bananas.  The  pawpaw  has  not  been  received 
with  favor  as  a  fruit  on  account  of  its  peculiar  taste.  The  pulp  which 
surrounds  the  numerous  large  seeds  is  mucilaginous  in  character.  This 
variety  of  pawpaw  is  an  entirely  different  fruit  from  the  tropical  fruit  of 
the  same  name. 

THE  PAP  AW.— The  papaw  is  a  native  of  Central  America  and  of  the 
East  and  West  Indies.  There  are  male  and  female  papaw  trees.  The 
fruit  grows  on  the  female  tree  and  reaches  the  size  of  a  large  muskmelon, 
deep  green  in  color,  becoming  red  as  it  ripens.  The  fruit  consists  of  a  soft 
yellow,  sweet  pulp,  which  contains  numerous  black  seeds.  The  ripened 
fruit  has  a  peculiar  flavor.  Papaw  is  eaten  raw  with  salt  or  boiled  as  a 
vegetable.  When  mixed  with  lime  juice  it  has  a  flavor  resembling  apples 
and  is  much  used  as  a  substitute  for  them.  The  juice  of  the  unripe  fruit 
is  of  a  milky  acrid  character  and  acts  as  an  efficient  vermifuge.  The 
juice  also  exerts  an  emmenagogue  action,  therefore  neither  the  fruit  nor 
the  juice  can  be  safely  taken  by  pregnant  women.  The  juice  of  the  leaves 
contains  fibrin,  which,  with  this  exception,  is  only  found  in  the  animal 
kingdom  and  in  certain  fungi.  It  also  contains  a  proteolytic  enzyme, 
papain,  which  exerts  a  powerful  influence  upon  proteins.  The  fruit  or 
its  active  principle  promises  to  have  a  wide  sphere  of  usefulness. 

Papaw  Action  on  Tough  Meats. — An  infusion  of  the  leaves  will 
render  tender  the  toughest  meats.  A  gentleman  residing  in  I^ueva  Gerona, 
Isle  of  Pines,  West  Indies,  states  that  boiling  fresh  killed  beef  in  water 
with  some  of  the  infusion  of  papaw  leaves  will  render  it  very  tender  in  a 
short  while.  He  also  says  that  an  old  fowl  killed  and  hung  to  the  limb 
of  a  papaw  tree  overnight  will  become  as  tender  as  a  freshly  killed  young 
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capon.  Tho  same  effect  may  be  obtained  by  wrapping  the  dressed  fowl 
or  cut  of  meat  in  the  leaves  of  the  tree.  The  dried  extract  of  the  leaves, 
called  papayotin,  is  used  commercially  in  the  pr<^partion  of  meat  extracts 
and  other  prepared  foods.  This  extract  as  well  as  the  fresh  fruit  is  useful 
in  the  treatment  of  gastric  disorders,  ulcers  of  the  stomach  and  duodenum, 
atony  and  other  disorders  of  tho  gastric  mucosa. 

MYRTACEOUS  FRUITS 

Varieties  of  Myrtaceous  Fruits — THE  (JIAVA.— The  guava  is  a  native 
of  America,  growing  wild  in  the  West  Indies  and  Central  America.  There 
are  several  varieties.  The  fruit  of  the  two  principal  ones  resembles  an 
apple  or  pear  in  shape.  The  common  or  white  guava  is  a  pear-shaped  fruit 
about  the  size  of  a  tennis  ball,  with  a  russet  colored  rind.  The  fruit  grows 
on  a  small  tree  of  the  N.  O.  Myrtacece.  The  pulp  is  pink  or  white  and  of 
a  sweet  agreeable  flavor.  The  red  guava  is  apple  shaped,  the  pulp  is  yel- 
lowish red,  very  acid,  and  is  inferior  to  the  white  variety.  The  guava  is 
not  eaten  raw,  but  as  a  jelly.  As  a  marmalade  it  has  a  unique  flavor.  The 
composition  of  guava  is  20  per  cent  solid  material,  including  1  per  cent 
protein ;  the  remainder  is  chiefly  invert  sugar  and  organic  acids. 

THE  ROSE  APPLE.— The  rose  apple  is  cultivated  in  the  East  Indies  and 
all  tropical  countries  for  its  fruit,  which  is  of  the  size  and  shape  of  a  small 
pear,  rose  scented  and  tasting  like  an  apricot.    There  are  several  varieties. 

THE  SURINAM  CHERRY.— The  Surinam  cherry,  sometimes  called  the 
Barhadoes  cherry,  is  a  red  fruit  the  size  of  a  drupe  cherry  and  has  an 
abundant  sweet  and  agTeeable  juice. 

SAPOTACEOUS    FRUITS 

Sapotaceous  Fruits — the  sapodilla.— The  sapodilla  is  a  drupaceous 
plant  of  the  West  Indies,  Central  America  and  Cuba.  It  is  one  of  the 
best  tropical  fruits  of  the  order  of  Sapoiacece.  It  is  a  small  brown  or 
greenish  fruit  resembling  in  size  and  shape  a  bergamot  pear.  It  weighs 
about  two  ounces,  has  a  sweet  characteristic  odor  and  a  soft  core  which 
contains  five  or  six  brown  seeds.  "A  fully  ripened  sapodilla,"  says  Dis- 
courtalz,  "is  melting  and  has  the  sweet  perfume  of  honey,  jasmine  and 
lily  of  the  valley."  They  are  eaten  raw  and  presented.  The  fruit  is 
sweeter  than  the  custard  apple.  It  is  about  five  inches  long,  covered  by 
a  rusty  colored  skin.     The  pulp  is  very  agreeable. 

THE  MAMMEE-  SAPOTA.— The  Mammee  sapota  is  a  native  of  the  West 
Indies  and  South  America.  It  contains  a  thick  agreeable  pulp  having  the 
33 
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flavor  and  appearance  of  quince  marmalade.  The  pulp  surrounds  a  single 
seed,  one  side  of  which  is  attached  to  the  flesh,  while  the  other  side  is  free, 
smooth  and  highly  polished.  The  fruit  is  about  five  inches  long  and  has 
a  rusty,  greenish  colored  skin. 

THE  STAR  APPLE. — The  star  apple  is  a  large  purple  or  rose  colored 
drupe  of  the  N.  O.  Sapotacece,  The  interior  consists  of  an  outer  purple 
portion  which  is  fibrous  and  not  edible.  The  inner  portion  is  white  and 
glutinous  and  divided  into  ten  compartments,  each  containing  a  seed  en- 
closed in  a  gelatinous  pulp  of  characteristic  flavor. 


ANACARDIACEOUS    FRUITS 

Varieties  of  Anacardiaceous  Fruits — THE  mango  FRUIT.— Mango  fruit 
is  a  native  of  Asia,  held  in  high  esteem  in  tropical  climates  and  cultivated 
in  all  Oriental  countries.  The  fruit  is  flat  or  kidney  shaped,  reddish 
brown  or  like  an  apricot  in  color.  It  is  about  the  size  of  an  apple  and  has 
a  most  agreeable  juice.  The  mango  cuts  like  an  apple  but  is  much  more 
agreeable ;  the  pulp  has  a  pleasant  acid  taste  and  sweet,  aromatic  perfume. 
It  is  eaten  raw,  cooked  in  pies  or  tarts,  in  preserves,  jelly  and  chutney. 
It  is  a  very  welcome  addition  to  the  dietary  during  the  summer.  The 
mango  is  held  sacred  in  India  and  references  to  it  are  interwoven  in 
their  folklore  writings. 

Mais^go  Chutney. — Mango  chutney  is  a  well-known  sauce  imported 
from  India.    The  mango  is  now  successfully  grown  in  Florida. 


EBENACEOUS    FRUITS 

Varieties  of  Ebenaceous  Fruits — the  persimmon.— The  persimmon  or 
date  plum  is  the  fruit  of  the  N.  O.  Ehenacece.  The  Japanese  variety  is 
the  most  highly  prized,  reaching  a  size  of  from  two  to  three  inches  in  diam- 
eter. It  is  the  most  esteemed  fruit  of  the  Japanese  Empire.  There  are 
many  varieties  grown  in  China,  Japan  and  India.  The  Japanese  ripen 
persimmons  artificially  by  placing  them  in  casks,  from  eight  to  fifteen 
days,  from  which  the  native  beer  called  saM  has  been  emptied.  Persim- 
mons are  dried  like  figs  and  exported  in  large  quantities  from  China  and 
Japan.  The  Japanese  persimmon  is  like  a  yellow  plum  in  appearance. 
When  ripened  it  has  a  soft,  gelatinous  pulpy  flesh.  The  American  per- 
simmon, according  to  Atwater,  contains  14.5  per  cent  sugars.  The  fruit 
also  contains  both  malic  and  tannic  acids. 
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LEGUMINOUS  FRUITS 
Varieties  of  Leguminous  Fruits— TliK  TAMA  KIND.— The  tamarind  is 
the  fruit  of  the  N.  O.  Leguminosew,  It  is  a  ptid  of  a  leguminous  tree, 
of  from  one  to  six  inches  long,  dark  brown  color,  a  thin,  brittle  exte- 
rior when  dry,  and  contains  a  dark,  fleshy  pulp  which  is  used  for  both 
food  and  medicine.  Tamarinds  are  preserved  by  placing  them  in  jars 
with  layers  of  sugar  between  them,  or  by  pouring  boiling  syrup  over  the 
ripe  fruit.  They  are  laxative  and  refrigerant;  an  infusion  is  grateful  to 
patients  suffering  from  fevers  and  intlammation.  The  fruit  has  a  sweet- 
ish, sour  taste.  It  is  said  to  contain  more  sugar  than  the  sweetest  fruit 
and  more  acid  than  the  sourest.  Analysis  shows  85  per  cent  solids,  40 
per  cent  reducing  sugar  and  15  per  cent  acids. 

ST.  JOHN'S  BREAD.— St.  John's  bread,  sometimes  called  locusts  or 
caroh  hearis,  comes  originally  from  Syria  and  the  shores  of  the  Mediter- 
ranean. The  fruit  grows  on  a  large  tree  of  the  N.  O.  Leguminosece,  In 
America  the  tree  sometimes  attains  an  enormous  size,  three  feet  in  diam- 
eter and  from  sixty  to  seventy  feet  in  height.  The  pods  sometimes  grow 
ten  or  twelve  inches  in  length,  having  as  many  seeds.  When  ripe — after 
frost  has  bitten  them — the  seeds  are  surrounded  by  a  sweet  mucilaginous 
mass  of  honey-like  substance  having  a  pleasing  acrid,  piquant  taste.  The 
dried  pod  contains  50  per  cent  sugar.  Its  generic  name  is  derived  from 
John  Robin,  who  introduced  it  into  France  about  the  year  1000.  It  is 
much  prized  as  a  food  for  man  and  beasts  in  the  hotter  countries.  Its 
cultivation  began  in  historic  times.  The  Greeks  knew  and  appreciated  its 
food  value.  The  pods  of  the  honey  locust  are  eaten  raw  and  sold  in  con- 
fectioner's shops.  A  delightful  beverage,  loctist  beer,  is  made  by  breaking 
up  the  dried  pods,  adding  dried  American  persimmons  and  dried  apples, 
placing  the  whole  in  a  barrel  and  pouring  boiling  water  on  the  mass  and 
allowing  it  to  undergo  fermentation.  When  three  or  four  days  have 
elapsed^  a  beautiful  port  wine  colored  "beer"  is  produced,  possessing  an 
alluring  piquant  taste  with  some  '^kick"  in  it. 

PALMACEOUS  FRUITS 
Varieties  of  Palmaceous  Fruits — DATES.— Dates  grow  in  abundance  in 
the  region  between  the  Euphrates  and  the  Nile.  In  Babylonian  times,  in 
the  fifth  century  B.C.,  Herodotus  mentions  "the  dates  of  Babylon,"  and 
Egyptian  monuments  contain  drawings  of  the  fruit  and  of  the  tree.  The 
fruit  is  gro\vn  extensively  in  all  Oriental  countries.  The  Persian  Gulf 
region  is  the  center  of  the  date-growing  industry  of  the  world.  There  are 
said  to  be  no  less  than  20,000,000  date-bearing  palms  in  this  territory. 
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There  are  many  varieties  of  date  trees.  It  is  said  that  date  trees  are 
sometimes  prolific  for  200  years.  The  tree  is  dioecious,  i.e.,  the  male  and 
female  flowers,  the  pistillate  and  staminate,  like  those  of  the  fig  tree, 
grow  on  different  trees  and  fertilization  is  brought  about  by  means  of 
pollen-bearing  insects  and  currents  of  air.  In  some  countries  the  growers 
plant  one  male  tree  to  every  thirty  female  trees.  In  times  of  war,  the 
Arabs  destroy  the  male  trees  in  the  enemy  territory,  in  order  to  cause  date 
famine.  The  fruit  is  gathered  just  before  it  is  ripe,  dried  in  the  sun  or 
in  ovens,  and  carefully  packed.  Dates  should  be  washed  before  eating,  as 
the  Arabs  who  gather  the  fruit  are  not  a  very  cleanly  race.  The  fruit 
forms  an  important  article  of  food  in  the  country  where  it  is  cultivated 
and  is  a  considerable  source  of  income  to  growers.  Dates  are  a  whole- 
some and  nutritious  fruit.  When  dried  without  the  pits,  they  contain 
about  7  per  cent  protein,  54  per  cent  sugar,  as  levulose,  dextrose  and 
some  sucrose,  and  11  per  cent  of  pectose  and  gum.  It  is  claimed  that 
half  a  pound  of  dates  and  a  half  a  pint  of  milk  will  make  a  sufficient 
meal  for  a  person  of  sedentary  habits. 

Date  Palm  Wine. — The  date  palm  is  extensively  cultivated  by  the 
Hindoos  for  the  sap,  from  which  they  make  palm  wine  or  joggery  wine. 
Each  tree  is  said  to  yield  one  hundred  and  eighty  pints  of  sap,  twelve 
pints  of  which  produce  one  pint  of  joggery ;  four  pints  of  joggery  yield  one 
pound  of  good  brown  sugar,  so  that  from  the  annual  sap  yield  about  seven 
pounds  of  sugar  is  produced.  The  palm  wine  when  distilled  yields  a 
spirit  called  tody.  The  fruit  is  a  source  of  sugar,  honey,  spirits  and  vine- 
gar. The  unopened  fresh  leaf  buds  are  a  tender  succulent  vegetable, 
which  may  be  prepared  and  eaten  like  cabbage. 

COCOANUTS.— Cocoanuts  are  the  fruit  of  the  cocoanut  palm,  grown 
largely  in  the  East  and  West  Indies,  Indo-China,  China  and  Japan.  This 
fruit  is  a  staple  food  product  for  the  inhabitants  in  countries  where  it  is 
grown.  Without  it  the  Pacific  Islands  would  be  uninhabitable  and  the 
natives  would  die  of  hunger  and  thirst.  The  fleshy  part  of  the  fruit  is 
white  and  tasty,  nutritious  and  wholesome.  As  the  fruit  reaches  maturity 
the  flesh  hardens  from  the  circumference  towards  the  center,  and  on  the 
inside  is  the  milJc  which  is  used  like  cow's  milk.  It  is  a  pleasant  beverage, 
milky,  sweet  and  slightly  acidulous.  For  analysis  of  the  component  parts 
of  the  nut  see  Volume  I,  Chapter  XIX. 

MISCELLANEOUS   TREE   FRUITS 

OLIVES.— Olives  are  mentioned  in  the  earliest  Hebrew  writings  as  one 
of  the  trees  of  the  land  of  Canaan.     The  Bible  records  the  return  of  the 
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dovo  briii^ring  an  olive  branch  to  Noah  in  the  Ark.  Tlio  olive  is  l)eli('vod 
to  have  cunio  originally  from  Asia.  It  has  Ixfcn  naturalized  in  Spain, 
Italy,  France,  Greece,  California,  Central  and  South  America,  where  it 
is  an  important  source  of  income.  The  tree  is  a  snuill  gmirled  evergreen, 
of  which  there  arc  numerous  varieties,  long  leaved  and  short  leaved.  The 
finest  oil  is  produced  from  the  long  leaved  variety.  The  edible  olive  is 
picked  while  young  and  placed  in  lye  1  to  2  per  cent  for  some  hours, 
which  removes  the  bitter  taste;  they  are  then  soaked  and  washed  in  fresh 
water  several  times,  pickled  in  brines  of  varying  but  increasing  strength, 
and  finally  packed  in  sterilized  brine  for  shipment.  Ripe  olives  are  of 
more  value  for  food  purposes;  the  green  olives  for  pickles  and  relishes. 
The  olive  contains  one  of  the  chief  principles  of  food  which  the  average 
vegetarian  diet  lacks — fat — for  which  they  are  extremely  valuable.  Kipe 
olives  are  of  a  purplish  black  tint.  They  are  v/holesome,  readily  digested, 
slightly  laxative  and  highly  nutritious. 

POMEGRANATE.— Pomegranate  fruit  is  one  of  the  earliest  known  in  the 
history  of  the  world.  It  is  indigenous  to  Persia  and  is  grown  throughout 
tropical  countries.  Mention  is  made  of  it  in  ancient  religious  and  myth- 
ological writings.  It  has  been  cultivated  from  time  immemorial.  It  was 
known  to  the  Greeks  of  Homeric  times  and  entered  into  the  ceremonies  of 
the  ancient  Romans.  The  cultivated  varieties,  which  are  scarcely  thorny, 
have  coral  red  wax-like  terminal  flowers. 

The  fruit  is  as  large  as  an  orange,  with  a  leathery-like,  yellow-tinted, 
rosy  skin.  Each  of  the  many  seeds  is  enclosed  in  a  sweet  or  sub-acid,  sepa- 
rate, reddish,  edible  pulp,  surrounded  by  a  thin  membrane.  The  pulp 
when  macerated,  mixed  with  water  and  honey  or  sugar,  makes  a  delicious 
cooling,  acidulous  beverage.  The  South  Americans  macerate  the  pulp  and 
by  a  process  of  fermentation  produce  a  wine  called  "Aguardiente,"  which 
is  quite  intoxicating.  The  rind  is  also  used  for  tanning  morocco  leather. 
The  expressed  pomegranate  juice  contains  13.6  per  cent  sugar  and  0.51 
per  cent  of  organic  acids. 

THE  ALLIGATOR  PEAR—  The  alligator  pear,  or  avocado  pear,  is  a 
fruit  of  the  'N.  O.  Lauracew.  It  is  a  native  of  Mexico  and  is  cultivated  in 
the  West  Indies  and  tropical  America.  It  is  a  pear  shaped  fruit  from 
four  to  six  inches  long,  of  a  green  or  brownish  color,  weighing  from  one  to 
two  pounds.  It  is  highly  prized  as  a  salad  fruit.  The  pulp,  which  is  of 
a  yellow,  buttery  consistency,  is  dipped  out  with  a  spoon  and  is  eaten 
Avith  salt,  vinegar  and  other  condiments.  It  may  also  be  prepared  as  a 
soup,  to  which  it  imparts  an  agreeable  odor.  The  fruit  is  rich  in  fat, 
10  to  20  per  cent,  and  has  a  starch  and  sugar  content  of  6.8  per  cent 
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MAMMEE  APPLE.— The  Mammee  apple  is  grown  extensively  in  South 
America,  Cuba,  West  Indies,  as  well  as  in  the  United  States,  where  it  is 
highly  esteemed.  It  is  a  large  fruit  of  a  baccate  character,  two  to  nine 
inches  in  diameter,  weighing  from  eight  to  twenty  ounces.  It  has  an  outer 
brownish  yellow,  leathery  rind  and  a  thinner  internal  rind  closely  cover- 
ing the  flesh.  The  flesh  of  the  Mammee  apple  is  firm,  bright  yellow, 
with  a  sweet  aromatic  perfume,  an  acidulous  sweetish  juice  in  abundance, 
a  peculiar  piquant  taste.  It  can  be  eaten  raw,  but  is  principally  used  for 
preserves  and  marmalades. 

AMPELIDACEOUS    OR    VINE    FRUITS 

Varieties  of  Ampelidaceous  Fruits — GRAPES.— Grape  vines  are  found 
growing  wild  throughout  the  temperate  and  parts  of  the  torrid  zone  of 
both  hemispheres.  From  these  the  cultivated  varieties  of  the  present  day 
have  been  propagated.  The  cultivation  of  the  grape  and  the  making  of 
wine  are  of  the  most  remote  antiquity,  as  appears  from  the  scripture  his- 
tory of  Noah  and  other  Bible  characters  and  from  many  passages  of  the 
most  ancient  authors,  for  example,  Virgil  and  Columella.  The  grape  was 
probably  introduced  into  the  south  of  France  and  into  Italy  by  the  Phoe- 
nicians about  600  years  b.c. 

There  are  many  varieties  of  grapes  indigenous  to  America,  particu- 
larly the  Scuppernong,  the  Catawba,  the  Isabella,  the  Concord  and  the 
Fox  grape,  which  are  all  described  by  the  historian  of  Sir  Walter  Raleigh's 
voyages  to  Carolina  in  1584. 

During  Colonial  times  many  attempts  were  made  to  grow  European 
varieties  of  grapes  in  the  United  States,  but  the  experiment  was  not  a 
success,  owing  to  various  pests  and  to  certain  mildews  which  did  not  affect 
the  hardy  native  vines  but  which  infested  the  foreign  importation.  The 
European  grapes  have  a  higher  sugar  content  than  the  American  species 
and  are  better  adapted  for  wine  making,  especially  champagnes.  They 
also  keep  better  and  make  better  raisins.  The  American  table  grapes, 
however,  are  more  refreshing  and  make  a  better  unfermented  drink  than 
the  imported  varieties. 

As  a  fruit,  grapes  are  delicious,  nourishing  and  fattening;  in  large 
quantities  they  are  diuretic  and  of  value  in  the  dietetic  treatment  of  con- 
stipation and  some  gastric  disorders.  The  grape  cure  {see  Volume  II, 
Chapter  XVI,  on  "Cures")  consists  of  eating  many  pounds  of  grapes  daily. 
The  value  of  grapes  is  due  especially  to  the  large  proportion  of  sugar. 
In  certain  wasting  diseases  care  must  be  exercised  not  to  eat  too  freely, 
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or  diarrhea  may  be  produced,  wliith  would  \ms\vu  t\w  end.  Sweet  grapes, 
when  they  do  not  purge,  are  exceedingly  valuable  an  a  food  and  exert 
a  curative  action  in  bronchitis,  gastric  and  inlestinal  atony.  Even  in 
Bright's  disease  they  may,  with  favorable  climatic  conditions,  contribute 
to  a  restoration  of  health. 

Composition  of  Grapes. — Grapes  contain  from  12  to  26  per  cent 
sugar,  about  2  per  cent  non-nitrogenous  and  0.(5  per  cent  nitrogenous  mat- 
ter, besides  gum  and  mucus,  with  salts,  chiefly  hydropotassic  tartrate  or 
"cream  of  tartar"  phosphates,  sulphates  and  chlorids  of  calcium,  magne- 
sium, sodium  and  potassium,  and  traces  of  iron,  aluminium  and  silica. 
The  acidity  of  the  grape  is  due  to  tartaric  and  malic  acids,  and  depends 
somewhat  upon  the  period  of  development  and  upon  the  seasons,  whether 
it  be  good  or  bad.  As  ripening  proceeds,  the  malic  acid  disappears.  The 
sugar  of  grapes  (see  analysis.  Volume  I,  Chapter  XIX)  consists  of 
dextrose  or  glucose,  12  to  25  per  cent,  besides  levulose  or  invert  sugar  and 
malic  and  tartaric  acid. 

Utilization  of  Grapes. — Grapes  are  principally  utilized  in  some  one 
of  the  following  ways:  (a)  for  eating;  (b)  for  making  raisins;  (c)  for 
making  grape  juice;  (d)  for  making  wine;  (e)  for  making  brandy.  The 
fruit  is  readily  and  safely  shipped  over  long  distances  if  carefully  packed 
in  small  baskets. 

Raisixs. — Raisins  are  the  dried  fruit  of  many  varieties  of  the  grape. 
They  are  principally  produced  in  Southern  Europe,  France,  Spain,  Italy, 
Greece,  Turkey  and  California.  They  are  sold  under  various  names,  as 
Muscatels,  or  raisins  dried  on  the  vines,  which  include  Malaga  and  varie- 
ties of  muscatels  and  Valencids,  or  dipped  raisins,  which  include  Lexias 
and  Denias  from  Turkey  and  California  raisins.  The  Sultana  raisins  are 
made  from  the  small  seedless  grapes  of  Greece,  Turkey  and  Persia. 

In  the  process  of  drying  the  genuine  muscatels,  ripe  white  Malagas 
are  used.  The  stem  is  partially  cut  or  twisted,  to  interfere  with  the  circu- 
lation of  the  vine  sap,  and  the  fruit  is  allowed  to  hang  on  the  vine  and 
dry.  The  raisins  are  then  ready  to  pack  for  shipment  without  further 
treatment.  "Dipped"  raisins  are  prepared  in  the  following  way:  ripe 
grapes,  with  the  stems  twisted,  are  allowed  to  ha»g  on  the  vines  for  a  day 
to  facilitate  evaporation.  They  are  then  pulled  and  dried  in  the  sun  for 
another  day,  rinsed  in  water  and  dried  in  the  sun  for  twenty-four  hours ; 
then  they  are  dipped  in  boiling  potash  lye,  flavored  with  rosemary  and  lav- 
ender, and  covered  with  a  layer  of  olive  oil.  This  treatment  sterilizes  the 
fruit  and  shortens  the  period  for  drying  the  grape,  which  is  accomplished 
by  exposing  them  to  the  sun  with  frequent  turning.    When  dry  they  are 
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piled  in  heaps  to  "sweat.''  This  softens  the  skins  and  distributes  the 
moisture  more  evenly. 

Currants. — Currants  are  the  dried  fruit  of  the  small  black  Corinth 
grape,  grown  in  the  Levant  and  Morea.  The  grapes  are  small,  round, 
thick-skinned  and  seedless.  They  are  plucked  when  slightly  overripe, 
dried  in  the  sun,  afterwards  removed  from  the  stalks,  cleaned  and  packed. 
Currants  contain  two  and  one-fourth  per  cent  malic  acid  and  six  and 
seven-tenths  per  cent  of  sugar.  A  wine  is  made  by  fermenting  the  juice 
and  is  a  very  useful  beverage  in  levers  and  inflammations. 

The  important  constituents  of  raisins  and  currants  are  sugars — dex- 
trose and  levulose — and  potassium  acid  tartrate  in  the  pulp,  tannin  and 
fixed  oil  in  the  seeds.  Raisins  and  currants  are  used  largely  in  cooking. 
Their  chief  value  is  in  the  carbohydrates  they  contain.  They  are  also  a 
convenient  food  for  pedestrians  and  travelers,  who  have  long  held  them  in 
high  esteem.  Of  small  compass,  they  are  easily  carried  and  contain  much 
sustaining  nutriment.  In  addition  to  their  demulcent  properties  they  pre- 
vent excessive  thirst.  These  fruits  possess  the  protein-sparing  properties 
of  carbohydrates.  They  are  demulcent,  balsamic  and  increase  the  flow  of 
urine,  diminishing  the  excretion  of  urea  and  uric  acid.  They  slightly 
stimulate  the  hepatic  function  and  promote  the  flow  of  bile. 

PASSIFLOREOUS    FRUITS 

The  granadilla  or  Passiflora  edulis  is  the  fruit  of  the  sweet  calabash  or 
apple  fruited  granadilla.  When  eaten  with  wine  and  sugar,  the  pulp  is 
agreeable.  The  common  granadilla  has  a  purple  pulp  which  is  also  very 
agreeably  pleasing  to  the  palate. 


SMALL    BUSH    BERRIES (5) 

Berries  consist  of  a  mass  of  small  seeds  surrounded  by  a  pulp  which 
is  often  quite  watery,  as  in  the  raspberry,  although  sometimes  firm,  as  in 
the  gooseberry.  The  juice  of  berries  consists  principally  of  sugars,  pec- 
tin, mineral  salts,  acids  and  flavoring  ethers  which  are  frequently  highly 
colored.  The  pulp  is  the  principal  portion  of  the  berry,  since  the  small 
seeds  have  no  food  value.  Berries  act  as  an  irritant  to  the  alimentary 
tract  and  are  a  frequent  cause  of  constipation  when  consumed  too  freely. 
There  is  no  great  improvement  in  the  cultivated  over  the  wild  varieties. 

Varieties  of  Berries — THE  WHORTLEBERRY.— The  whortleberry,  blue- 
berry or  bilberry,  is  found  growing  wild  throughout  the  north  temperate 
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zone  on  bushos  from  one  to  three  feet  in  height.  There  are  many  varieties 
of  related  shrubs  bearing'  these  berries,  but  tliey  are  rarely  cultivated.  The 
fruits  are  subacid,  moderately  astringent,  and  contain  nnicilage,  sugar, 
niiilic  and  citric  acids  and  an  astringent  substance  which  exercises  a  tonic 
effect.  These  berries  grow  in  immenso  (piantitics  on  waste  lands  all  over 
the  Northern  United  States  and  in  Canada,  where  they  arc  gathered  by 
the  native  berry  ''pickers."  The  fruit  bears  shipping  to  distant  cities. 
Some  varieties  are  large  and  juicy  and  very  palatable.  It  contains  from 
7(3  to  80  per  cent  of  water;  5  per  cent  sugar;  some  pectin  and  from  1  to 
1.6  per  cent  of  malic  and  citric  acid. 

HUCKLEBERRIES.— Huckleberries  may  with  care  be  dried  for  winter 
use.  They  may  also  be  preserved  by  canning.  Some  varieties  make  excel- 
lent jellies  and  jam.  Huckleberries  are  also  highly  prized  for  making 
pies.  The  big  blue  huckleberry  is  similar  in  comjwsition  to  the  whortle- 
berry; it  is  larger  and  less  juicy,  but  not  so  agreeable  nor  wholesome. 

SERVICE  BERRY.— The  service  berry,  also  known  as  the  June  berry 
or  shad  berry,  varies  in  color  from  red  to  black.  It  grows  on  a  medium 
size  tree  in  the  eastern  United  States  as  far  south  as  Florida.  The  service 
berry  is  sometimes  eaten  raw,  sometimes  used  in  making  sauces.  The  fruit 
is  largely  consumed  by  birds  and  squirrels. 

ELDERBERRIES.— Elderberries  are  drupe  fruits  of  the  Sambuctts 
Niger.  They  are  chiefly  used  for  making  cordials  and  the  "elderberry 
wine"  used  in  adulterating  port  wine.  The  ripe  berries  are  sometimes 
made  into  pies. 

BARBERRY.— The  barberry,  of  which  there  are  many  species,  grows 
wild  all  over  the  north  temperate  zone,  in  the  Andes  of  South  America, 
and  along  the  Atlantic  Coast.  The  shrub  is  cultivated  chiefly  for  orna- 
mental purposes.  It  bears  an  elongated,  red,  acid  berry,  utilized  in  mak- 
ing pickles  and  preserves.  The  fruit  possesses  astringent  properties,  an 
inviting,  pleasing  taste,  grateful  and  refreshing  to  the  palate. 

BLACKBERRY.— The  blackberry  is  borne  on  second  year  twigs  which 
spring  from  the  roots  of  the  common  bramble  briars,  growing  luxuriantly 
in  wild  hedgerows.  The  cultivated  berry  is  a  great  improvement  over  the 
wild  variety,  both  in  size  and  appearance,  but  not  always  in  flavor  or 
sweetness.  The  berries  when  matured  are  red,  turning  black  when  fully 
ripened.  They  are  used  for  making  pies,  jams,  jellies,  preserves  and 
wine.    They  are  also  dried  for  winter  use.    The  fresh  berries  are  canned. 

Blackberry  wine  is  produced  by  the  fermentation  of  the  berry  macer- 
ated w^ith  sugar.  Blackberry  brandy  is  manufactured  by  distilling  the 
wine.    Blackberry  cordial  is  the  juice  strained  and  preserved  by  the  addi- 
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tion  of  whiskey  or  brandy.  All  three  products  are  of  value  from  a  dietetic 
standpoint. 

THE  RASPBERRY.— The  raspberry  is  a  native  of  Great  Britain  and 
Europe.  It  grows  on  a  tall,  slender  briar  or  bramble  thoughout  the 
northern  United  States  from  the  Atlantic  to  the  Rocky  Mountains.  It 
is  much  improved  by  cultivation.  It  has  a  delicate  and  agreeable  flavor. 
The  two  varieties  are  the  red  and  the  white.  They  contain  0.53  per  cent 
nitrogenous  matter;  4  per  cent  sugar;  1.50  per  cent  other  nitrogenous 
substances ;  1.38  per  cent  of  free  acid,  and  organic  salts.  They  are  not 
as  nutritious  as  strawberries  or  blackberries.  Raspberries  are  used  in 
cooking  and  confectionery.  Various  liqueurs  and  cordials  are  made  from 
the  juice.  The  fruit  is  also  used  to  make  raspberry  vinegar.  They  are 
useful  in  relaxed  conditions  of  the  bowels. 

THE  CLOUDBERRY.— The  cloudberry  is  a  yellow  raspberry,  and  its 
active  principle  is  diuretic.  It  has  a  sub-acid  taste  somewhat  like  that 
of  the  tamarind.  It  grows  wild  on  the  Atlantic  coast,  and  is  cultivated 
in  the  interior. 

LOGANBERRIES.— Loganberries  are  the  product  of  a  hybridization  of 
the  blackberry  and  raspberry  briar  and  are  now  cultivated.  Some  of  the 
fruit  is  very  fine,  superior  in  flavor  and  taste  to  either  the  blackberry  or 
the  raspberry.  The  fruit  is  large,  luscious  and  reddish  black  in  color. 
This  berry  grows  very  luxuriantly  in  some  of  the  Western  states,  more 
particularly  in  Montana. 

DEWBERRIES.— Dewberries  grow  wild  on  a  running  briar  in  the  south- 
ern portion  of  the  United  States.  They  are  large  succulent  drupes,  black 
in  color,  and  covered  with  a  bluish  bloom  of  dew-like  appearance.  The 
fruit  is  sweet  but  more  acidulous  than  the  blackberry,  and  possesses  astrin- 
gent and  tonic  properties.  Many  species  are  cultivated  in  the  United 
States.  The  fruit  juice  when  fermented  with  sugar  makes  an  excellent 
wine  of  some  dietetic  value.  The  fresh  berries  are  much  prized  for  pies, 
tarts,  jellies  and  jams. 

THE  ROEBUCK  BERRY.— The  roebuck  berry  is  an  edible  fruit  found 
in  Great  Britain,  but  more  abundantly  in  Russia.  It  is  also  an  important 
fruit  in  Norway,  where  it  is  held  in  high  esteem.  In  Stockholm  it  is 
prized  as  a  dainty  of  the  rarest  and  most  delicate  kind.  In  Russia  the 
inhabitants  eat  the  fruit  and  also  make  a  wine  and  a  distilled  spirit 
from  it. 

THE  GOOSEBERRY.— The  gooseberry  grows  wild  in  Europe  and  Amer- 
ica.   It  has  been  much  improved  by  cultivation.     Some  of  the  cultivated 
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berries  now  grow  very  large.  Then-  .in-  mnu^  varieties,  differing  from 
one  another  only  in  size,  color  and  hardiness.  The  American  variety  of 
the  cultivated  fruit  is  smooth.  The  goosclwrry  is  sometimes  eaten  raw, 
but  is  more  commonly  used  for  making  jam,  either  alone  or  mixed  with 
other  fruit.  It  contains  very  little  |)rotcin  and  consistH  largely  of  invert 
sugar.  Its  abundant  pectose  and  acid  make  it  valuable  for  many  culinary 
purposes.  In  the  process  of  boiling,  all  the  cane  sugar  is  inverted  by  the 
acid  present,  so  it  is  found  as  invert  sugar  in  the  janj.  G<M>8el)errie8  are 
a  wholesome,  agreeable  fruit.  They  are  in  season  when  other  fruits 
are  scarce. 

CURRANTS.— Currants  are  the  fruit  of  a  small  shrub  tree  which  grows 
best  in  temperate  climates  in  a  strong,  moist,  loamy  soil  with  a  northern 
exposure  or  partial  shade.  It  has  been  cultivated  from  the  middle  ages 
and  the  fruit  is  used  for  puddings,  pies,  wine  and  jelly.  Currant  wine 
made  from  the  fresh  berries  is  a  refreshing  drink,  useful  in  fevers  and 
inflammations.  There  are  two  varieties,  red  and  black.  The  black  wine 
is  better  than  the  red. 

The  composition  of  currants  includes  6.5  per  cent  sugars;  0.9  per  cent 
of  other  non-nitrogenous  constituents;  2.25  per  cent  of  free  acid;  4.5  per 
cent  pectose,  cellulose  and  seeds,  and  .75  per  cent  salts.  The  black  currant 
is  valuable  on  account  of  its  medicinal  properties.  It  is  diaphoretic  and 
soothing  to  inflamed  mucous  surfaces  and  quenches  thirst. 

STRAWBERRIES.— The  strawberry,amli^e  ,most  berries,  is  in  reality  a 
sycouy  or  receptacle,  which  bears  the  achenes,  or  true  fruit,  upon  its  outer 
surface.  As  it  ripens  it  becomes  succulent  and  its  outer  surface  is  beauti- 
fied with  a  variety  of  pleasing  tints,  varying  from  a  scarcely  perceptible 
pink  to  a  blushing  dark  red.  It  grows  wild  over  a  large  area  of  the  semi- 
tropical  regions  of  Europe,  Asia  and  America.  Its  cultivation  began  ii^ 
the  fifteenth  century.  The  finest  cultivated  fruit  today  is  a  cross  between 
the  common  Virginia  and  Chili  strawberries.  The  plant  is  propagated 
by  "runners,"  which  readily  take  root.  Some  varieties  are  propagated  by 
seeds.  The  plant  requires  careful  cultivation  and  is  usually  mulched  with 
straw  before  the  buds  start.  Though  much  care  has  been  taken  to  in- 
crease the  size  and  improve  the  appearance  of  the  native  strawberry  by 
cultivation,  the  aroma  and  flavor  of  the  wild  strawberry  are  superior. 
The  Carolina  strawberry  was  introduced  into  English  gardens  in  1629. 

Strawberries  contain  90.4  per  cent  water ;  1  per  cent  protein ;  7.4  per 
cent  sugar;  1.4  per  cent  pectose,  and  1.4  per  cent  of  acids,  principally 
malic.  The  berry  is  highly  esteemed  not  only  for  eating  as  a  dessert,  but 
for  making  jams  and  preserves.     The  fresh  fruit  is  most  agreeable  to 
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invalids  and  convalescents.     It  is  cooling,  diuretic  and  laxative,  and  is 
thought  to  be  helpful  in  gout  and  in  rheumatic  affections. 

CRANBERRIES.— Cranberries  grow  in  mountainous  regions,  in  peat 
bogs  and  in  swampy  areas  in  Europe  and  America.  The  fruit  grows  on  a 
low  bushy  vine,  some  varieties  near  the  seashore,  others  in  uplands  and 
on  mountain  tops.  The  fruit  is  about  double  the  size  of  a  currant,  of  a 
crimson  red  color,  and  contains  a  very  acid  juice.  Analysis  shows  its 
composition  to  be  as  follows:  2.31  per  cent  free  acids,  principally  malic 
and  sulphuric,  including  0.05  per  cent  benzoic  acid.  A  liberal  amount 
of  pectose  makes  the  cranberry  of  value  in  making  tarts,  jams,  jelly,  and 
particularly  as  a  sauce  for  meats  and  poultry. 


HERB-LIKE    FRUITS 

Varieties  of  Herb-like  Fruits— bananas.— Bananas,  of  which  there  are 
several  varieties,  were  known  and  appreciated  by  the  ancient  Greeks, 
Romans  and  Arabs.     They  are  not  mentioned  by  the  Egyptians  or  He- 
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Fig.  44.— Composition  of  the  Banana.     (Bull.  No.  293,  U.  S.  Dept.  Agric.) 

brews.  The  banana  is  believed  to  have  had  its  origin  in  Asia,  and  from 
there  to  have  been  introduced  into  America  and  the  East  and  West  Indies. 
The  plants  are  herbaceous  perennials  or  biennials,  which  die  down  after 
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fruitage,  after  which  new  stalks  spring  up  from  the  old  parent  roots.  The 
fruit  is  a  herry,  without  an  endosperm,  but  has  a  large  perisperm.  It  is 
gathered  before  the  fruit  is  ripe.  The  plant  is  a  marvel  of  productive- 
ness ;  often  as  many  as  two  hundred  bananas  grow  in  one  bunch.  It  is  esti- 
mated that  a  greater  quantity  of  food  may  Ik)  pnxluced  per  acre  from  the 
growth  of  bananas  than  from  wheat,  potatoes  or  any  other  foodstuff.  The 
banana  is  too  bulky,  however,  to  serve  as  the  main  constituent  of  a  healthy 
diet.  Assuming  that  an  average  banana  weighs  two  ounces,  it  would  re- 
quire about  eighty  of  these  to  yield  the  amount  of  energj'  daily  needed  by 
the  human  system  and  nearly  double  that  number  to  supply  the  requisite 
amount  of  protein.  No  wonder,  then,  that  in  tropical  countries  where 
bananas  form  the  principal  food  staple,  the  inhabitants  become  "pot  bel- 
lied" from  chronic  abdominal  distention. 

There  are  more  than  one  hundred  and  fifty  varieties  of  bananas,  some 
red  and  some  yellow.  All  are  used  for  food.  The  banana  is  too  well  known 
and  appreciated  to  need  much  detailed  description.  The  pulp  is  soft,  of 
delicious  and  luscious  flavor,  and  contains  a  goodly  portion  of  nitrogenous 
and  carbohydrate  material.  They  may  be  eaten  raw,  or  cut  in  slices  and 
fried  in  butter.  The  pulp  is  also  dried  and  ground  into  a  flour  that  is 
used  in  invalid  foods.  The  flour  can  be  made  into  bread  upon  the  addi- 
tion of  wheat  flour.  Analysis  shows  the  banana  to  be  deficient  in  fat 
and  protein.  The  fruit  is,  however,  a  food  of  much  value  on  account  of 
its  high  carbohydrate  content. 

THE  PINEAPPLE.— The  pineapple  is  indigenous  to  America.  It  grows 
well  in  Central  America,  the  West  Indies  and  Hawaii.  The  cultivated 
form  has  no  seeds.  In  temperate  climates  it  must  be  protected  by  sheds, 
as  is  done  in  Florida.  The  green  fruit  is  not  edible.  It  is  almost  caustic 
in  taste  and  action ;  but  the  ripe,  soft,  luscious,  pulpy  fruit  forms  one  of 
the  most  fragrant  and  delicious  desserts.  The  juice  is  very  sweet  and 
agreeable.  The  pineapple  contains  a  proteolytic  ferment  capable  of  pep- 
tonizing albuminoids,  for  which  reason  it  is  used  to  a  considerable  extent 
in  the  preparation  of  various  artificial  foods.  This  proteolytic  ferment 
furnishes  a  very  suitable  accompaniment  to  a  repast  as  an  aid  to  diges- 
tion. It  is  appropriate  at  the  end  of  a  hearty  meal.  The  juice  has  a 
therapeutic  value  in  bronchitis,  attended  by  a  tenacious  sputum.  The 
composition  of  the  total  solids  in  the  pineapple  is  14.17  per  cent  cane 
sugar;  invert  sugar,  11.00  per  cent;  acids,  0.60  per  cent  without  the  skin. 

The  flavor  and  odor  of  the  pineapple  are  due  to  the  essential  oils  and 
ethers  which  are  present  in  small  quantities.  Canned  pineapples  are  pre- 
pared in  Singapore,  the  Bahamas,  Hawaii  and  in  Florida.     If  carefully 
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sterilized  during  the  canning  process  no  sugar  is  needed.  The  nutritive 
value  of  the  fruit  depends  entirely  upon  the  natural  sugars  contained  in 
the  juice  and  pulp.  The  pineapple  is  a  valuable  food.  It  is  useful  as  an 
aid  to  digestion,  owing  to  the  presence  of  its  proteolytic  enzyme  hromeliriy 
which  is  closely  related  to  trypsin.  This  ferment  converts  albuminoids 
into  peptonates  and  proteoses,  and  exerts  its  full  physiological  action  in 
acid,  alkaline  or  neutral  media.  Wiley  found  that  the  sugar  content  of 
pineapples  was  60  per  cent  sucrose  and  40  per  cent  invert  sugar. 

THE  PRICKLY  PEAR.— The  prickly  pear,  tuna  or  Indian  fig,  is  the 
edible  fruit  of  a  cactus  indigenous  to  Mexico  and  southwestern  United 
States.  It  is  much  prized  by  the  natives  where  it  grows.  The  fruit  is 
covered  with  bunches  of  fine  spines  and  is  of  a  reddish-yellow,  purple 
color.  The  outside  rind  is  readily  removed  and  the  pulp  has  a  subacid 
taste  suggesting  that  of  the  cucumber.  It  contains  about  11  per  cent 
sugar  and  small  quantities  of  other  nutrients.  The  Mexicans  make  a 
fermented  spirituous  beverage  from  it  called  colonche. 

NUTS 

Nuts. — Unlike  the  seeds  of  cereals,  nuts  are  rich  in  protein  and  fat 
and  are  highly  nutritious.  Some  nuts  have  such  a  high  fat  and  protein 
content  that  they  are  of  practically  the  same  food  value  as  meat.  Bulk  for 
bulk,  dry  nuts  are  among  the  most  nutritive  foods  which  we  possess. 
Hutchison  estimates  that  100  grams  of  shelled  walnuts,  averaging  thirty 
in  number,  contain  as  much  fat  as  2.75  pounds  of  lean  beef,  but  2.6  ounces 
of  such  beef  would  equal  them  in  protein;  so  it  would  be  necessary  to 
consume  700  walnuts  daily  in  order  to  obtain  the  requisite  amount  of  pro- 
tein required  by  the  body. 

In  many  countries  nuts  have  long  been  used  as  a  food ;  but  until  recent 
years  they  have  been  regarded  rather  as  a  luxury  than  as  a  real  food  in  the 
United  States.  If  the  prices  of  domestic  nuts  and  the  more  expensive 
breakfast  foods  are  compared,  it  will  be  found  that  nuts  are  not  an  expen- 
sive food.  Our  native  nuts,  such  as  hickory  nuts,  w^alnuts,  butternuts, 
chestnuts,  hazel  liuts  and  pecan  nuts,  may  be  had  for  the  gathering  by 
anyone  in  the  rural  districts,  and  in  the  shops  they  may  be  purchased  at 
reasonable  prices.  Professor  Jaifa  of  the  California  Agricultural  Ex- 
periment Station  has  carefully  studied  the  value  of  nuts  from  the  point 
of  view  of  nutrition.  He  says  if  the  true  composition  of  nuts  were 
more  generally  appreciated  and  their  appetizing  qualities  and  food  value 
better  understood,  they  would  lose  their  reputation  for  being  indigestible. 
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Digestion  of  Nuts. — Nuts  contain  a  fibrous  or  celiiilar  Htronia  snrroiind- 
ing  ilie  oily  meat  or  kernel  (protein,  fat  and  Htarch  eelln;,  all  enclosed  in 
a  hard  shell.  The  greater  portion  of  cellulose  consumed  leaves  the  body 
unchanged;  therefore  the  nut  requires  the  most  thorough  and  careful  mas- 
tication in  order  that  the  digestive  secretions  may  readily  act  upon  the 
really  nutritious  portion  of  the  nut.  Since  nuts  must  pass  through  the 
pylorus  before  they  can  be  digested,  a  considerable  proportion  of  protein 
and  fat  may  be  lost  from  nonabsorption,  unless  they  are  thoroughly  masti- 
cated. The  fact  that  nuts  are  such  a  concentrated  food,  with  only  3  to  5 
per  cent  water,  as  compared  with  meat,  which  has  50  to  70  per  cent  water, 
may  serve  to  explain  their  indigestibility.  No  doubt,  if  proper  attention 
were  directed  to  this  point  and  the  proper  use  of  nuts  as  a  food  were  forci- 
bly emphasized,  less  \infavorable  comment  would  be  heard  in  regard  to 
them.  We  should  regard  nuts  as  a  food,  just  as  we  look  upon  sugar  as  a 
food,  and  if  we  used  them  as  such,  in  proper  quantities  and  at  the  right 
time,  they  would  cause  no  discomfort. 

Although  nuts  alone  do  not  form  a  well  balanced  diet,  there  are  numer- 
ous faddists  who  endeavor  to  live  upon  them.  Even  if  they  did  furnish 
an  ideal  well  balanced  diet,  the  amount  of  nuts  in  the  world  is  insufficient 
to  supply  any  large  proportion  of  mankind  with  the  quantity  necessary  for 
their  support.  It  is  true  that  a  diet  composed  exclusively  of  fruits  and 
nuts  contains  a  sufficiency  of  the  component  nutrients  in  the  right  propor- 
tion to  support  life,  but  experience  proves  that  the  protein  from  a  mixed 
diet  is  more  economically  utilized.  On  this  account  persons  who  use  nuts 
in  the  place  of  meat  should  not  depend  on  them  alone  for  a  food  supply, 
but  should  at  the  same  time  consume  more  bulky  foods  with  a  low  protein 
and  fat  content. 

Because  they  are  hard  to  digest,  causing  indigestion,  dyspepsia,  heart- 
burn, constipation  and  other  annoying  symptoms,  many  people  cannot  eat 
nuts  in  any  form.  Nuts  should  not  be  eaten  by  persons  with  feeble  di- 
gestive power,  nor  by  those  subject  to  constipation  or  chronic  diarrhea. 
They  are  when  well  masticated  suitable  foods  for  the  corpulent  and  for 
those  suffering  from  Bright's  disease  and  diabetes.  In  fact  diabetics  act- 
ing under  their  physicians'  advice  may  partake  very  freely  of  walnuts, 
almonds,  Brazil  nuts,  butternuts,  hickory  nuts  and  pignolia  nuts. 

Nuts  are,  for  the  most  part,  heat  producing  foods,  due  to  their  large 
fat  content,  and  are  tissue  or  energy-  builders  by  virtue  of  their  contained 
protein.  It  should  be  remembered  that  nuts  are  prone  to  become  rancid 
in  a  few  months,  and  their  palatability  and  value  is  thereby  diminished. 
Various  fats  and  oils  are  manufactured  from  nuts  (see  Chapter  XIV,  Fats 
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and  Oils).     These  are  quite  as  easy  to  digest  as  butter,  and  some  of  them 
are  used  as  shortening  and  are  found  to  be  quite  economical. 

Increased  Appreciation  of  Food  Value  of  Nuts. — From  available  statis- 
tics it  appears  that  in  1905  the  total  quantity  of  nuts  of  various  kinds, 
shelled  and  unshelled,  imported  into  the  United  States  was,  in  round  num- 
bers, 86,238,000  pounds.  In  the  same  year  the  California  almond  crop 
was  4,200,000  pounds;  the  walnut  crop  was  12,800,000  pounds,  and  the 
peanut  yield  in  three  Southern  states  was  225,000,000  pounds.  These  fig- 
ures augur  well  for  a  better  appreciation  of  nuts  as  a  food  in  our  country. 
The  increased  demand  for  nuts  is  due  in  the  main  to  two  causes,  namely, 
a  better  appreciation  of  their  appetizing  qualities  and  the  numerous  ways 
in  which  they  form  a  palatable  addition  to  the  diet  of  the  average  family, 
and  secondly,  to  their  use  by  the  vegetarians  and  persons  of  similar  be- 
lief, who  use  nuts,  and  more  particularly  the  peanut,  as  a  substitute  for 
meat  and  other  nitrogenous  and  fatty  foods — a  group  small  in  proportion 
to  the  total  population,  but  still  fairly  large  numerically. 

Varieties  of  Nuts — ACORNS.— Acorns,  the  fruit  of  various  species  of 
oak,  Quercus,  consist  of  a  single  seeded  oval  nut  in  a  fixed  cap  or  cup. 
They  were  formerly  much  used  as  a  human  food;  now,  although  in  this 
country  they  are  chiefly  used  to  fatten  swine,  they  are  still  consumed  as 
food  in  breadmaking  in  some  parts  of  the  world.  They  contain  a  large 
percentage  of  carbohydrate  and  about  14  per  cent  of  extractive  matter, 
including  tannin  and  a  bitter  principle.  In  Turkey  acorns  are  buried  in 
the  ground,  during  which  time  they  undergo  various  changes.  It  is 
thought  that  some  enzyme  is  formed  while  undergrovind,  which  causes  the 
bitterness  to  disappear.  When  taken  from  the  earth  they  are  sweated, 
dried  and  ground  into  a  fine  meal  to  which  sugar  and  spices  are  added.  A 
beverage  called  roccabout  is  made  from  this  mixture  for  the  ladies  in  the 
harem. 

ALMONDS.— Almonds,  the  fruit  of  the  Amygdalis  communis,  are  culti- 
vated throughout  the  countries  of  the  Mediterranean  basin,  Persia  and 
Palestine  and  other  oriental  lands.  The  almond  also  flourishes  in  Cali- 
fornia and  moderately  in  Florida (6).  There  are  two  varieties,  the  hitter 
and  sweet.  Of  the  sweet  almonds  the  Jordan  almond  is  the  best  in  quality. 
Its  shell  is  thick  and  hard,  long  and  narrow ;  the  kernel  is  flat,  rather  tough 
but  sweet  and  covered  with  a  cinnamon-colored  cuticle.  The  almond 
contains  a  large  percentage  of  nitrogenous  matter  and  is  a  noteworthy 
form  of  concentrated  food.  "No  man,"  it  has  been  said,  "need  starve 
on  a  journey  when  he  can  fill  his  waistcoat  pocket  with  almonds." 

Bitter  Almonds. — Bitter  almonds (7)   are  grown  chiefly  in  Sicily, 
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^loroeco  and  Barbary.  The  pit  of  the  hitter  almond,  like  that  of  the  peach 
and  apricot,  contains  a  ghicosid,  aniygdalin.  The  kenielH  are  shorter  than 
the  sweet  variety  and  have  a  bitter  taste.  When  f;ronnd  to  a  i)owder  and 
made  into  a  paste  witli  water,  they  have  a  characteristic  odor.  This  odor 
is  duo  to  the  hydrolization  of  the  glucosid,  amygdalin  (C^oHjjtNO,!), 
under  the  influence  of  an  enzyme,  whereby  oil  of  bitter  almonds  is  pro- 
duced. The  bitter  ahnond,  while  not  poisonous  when  fresh,  has  a  most 
diaagreeablo  odor,  and  this,  in  addition  to  the  fact  that  one  of  the  products 
of  decomposition  is  hydrocyanic  acid,  makes  it  undesirable  as  a  food. 

Oreen  almonds  are  the  young  sweet  almonds  before  the  shell  is  formed. 
They  are  preserved  in  sugar,  like  green  apricots.  The  uses  of  almonds 
need  not  be  dwelt  upon.  They  are  eaten  as  nuts,  used  for  culinary  pur- 
poses, ground  into  flour  and  made  into  almond  paste  cakes,  biscuits,  bread, 
marzipan  and  various  other  confections. 

Almonds  contain  no  starch,  the  carbohydrate  consisting  entirely  of 
sugar,  gum  and  flbrocellulose.  The  absence  of  starch  makes  them  suitable 
for  the  diabetic.  The  fat  content  is  about  50  per  cent  and  is  a  bland  oil 
consisting  mainly  of  olein,  with  a  slight  amount  of  palmitin  and  stearin. 
Almond  oil  is  of  the  same  nutritive  value  as  olive  oil,  and  much  more 
agreeable  to  the  taste. 

THE  BEECHNUT.— The  beechnut  is  very  abundant  in  some  localities. 
It  consists  of  small  triangular  seeds,  which  have  long  been  known  as  nutri- 
tious foods.  The  nuts  are  small  and  have  an  agreeable  taste,  but  there  is 
so  little  meat  in  the  shell  that  the  energy  expended  in  chewing  them  is 
scarcely  repaid.  They  furnish  food  for  hogs,  squirrels  and  birds.  They 
are  sometimes  consumed  by  man  for  food  and  may  be  eaten  with  safety 
in  small  quantities.  If  consumed  in  excessive  quantities  they  are  said  to 
cause  giddiness,  delirium  and  convulsions,  as  the  result  of  either  indiges- 
tion or  of  some  noxious  principle  contained  in  them.  In  Silesia  the  oil  is 
expressed  and  used  as  a  substitute  for  butter. 

BRAZIL  NUTS.— The  Brazil  nut,  known  also  as  the  cream  nut,  a  native 
of  Para,  Brazil,  is  now  extensively  cultivated  in  Brazil  and  Guiana.  The 
nut  consists  of  a  large  oval  or  round  pericarp  of  thick  wood,  five  cr 
six  inches  in  diameter,  divided  into  four  compartments,  each  of  which  en- 
closes from  six  to  eight  nuts.  Like  most  other  nuts  they  contain  a  sort  of 
vegetable  milk,  a  considerable  amount  of  nitrogenous  material,  66  per  cent 
of  fat,  a  little  sugar  and  17  per  cent  protein.  The  mineral  content  com- 
prises 1.35  per  cent  phosphoric  acid,  2.35  per  cent  of  silica,  lime  and 
potash. 
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BREAD  NUTS.—  Bread  nuts,  the  fruit  of  the  Brosimum  alicastrum,  are 
eaten  roasted  or  boiled  and  are  said  to  be  superior  to  chestnuts  both  in 
taste  and  as  a  food,  being  agreeably  flavored,  easy  of  digestion  and  very 
wholesome. 

BUTTER  NUTS.— The  butter  nut,  closely  related  to  the  walnut,  is  a 
native  of  South  America,  but  is  also  cultivated  in  the  West  Indies.  The 
nuts  have  a  fine  bland  flavor,  the  kernel  is  soft,  white  and  fleshy,  and  as 
mild  as  a  sweet  almond. 

CASHEW  NUT.— Cashew  nut  is  the  fruit  of  the  Anacardium  occiden- 
tale,  sometimes  called  Maranon  fruit.  The  cashew  nut  is  a  native  of  the 
West  Indies.  The  seed  is  enclosed  in  a  grayish  brown  cellular  coat  that 
contains  an  essential  oil.  If  applied  to  the  skin,  this  oil  produces  a  blister. 
The  ripe  fruit  and  nut  are  eaten  in  Brazil  and  the  fermented  juice  is  used 
to  make  a  wine,  called  ''kajr." 

CANDLE  NUT.— The  candle  nut  of  the  tropics  is  very  oily  and  only 
after  it  has  been  stored  for  some  time  and  is  thoroughly  dried,  is  it  edible. 
If  eaten  before  it  is  thoroughly  dried,  the  croton  oil-like  substance  which 
it  contains  is  liable  to  produce  serious  illness. 

CHESTNUTS.— Chestnuts  are  the  fruit  of  Castanea  deniata,  which  grows 
wild  in  the  forests  of  continental  Europe.  It  is  not  known  whether  the 
tree  is  indigenous  to  Europe  or  not.  The  Romans  distinguished  eight 
varieties  of  chestnuts.  It  grows  readily  in  the  eastern  part  of  the  United 
States.  The  lumbermen  have  almost  devastated  the  forests  of  the  trees  so 
that  few  of  the  original  trees  remain.  The  trees  grow  to  an  enormous 
height  and  are  valuable  for  lumber.  The  chestnut  forms  a  wholesome 
form  of  concentrated  nourishment  which  is  highly  esteemed  by  the  in- 
habitants of  many  countries,  notably  those  of  southern  Europe.  They  are 
the  most  important  nuts  as  a  source  of  food,  because  they  contain  a  large 
proportion  of  carbohydrates  (starch).  They  are  eaten  steamed,  boiled, 
roasted  and  raw.  The  French  make  a  dish  called  galette,  composed  of 
chestnut  meal,  butter,  eggs  and  salt,  which  is  a  more  satisfactory  food  than 
wheat  bread  and  contains  the  elements  of  a  perfect  food  in  proper  pro- 
portions.   The  horse  chestnut  is  only  fit  for  food  for  the  lower  animals. 

THE  CHINQUAPIN.— The  chinquapin  is  a  dwarf  chestnut  of  the  United 
States.  The  tree  is  usuallv  found  in  clusters  or  bunches  ranffine:  from  six 
to  ten  feet  in  height,  the  diameter  about  three  inches.  The  nut  develops 
in  a  burr  very  much  like  the  chestnut  burr,  enclosing  a  single  nut  about 
half  the  size  of  a  chestnut.  The  outer  hull  has  a  polished  black  surface; 
the  kernel  is  white  and  when  seasoned  is  very  much  sweeter  than  the 
chestnut. 
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COCOANUTS.— Cocoanuts  are  the  fruit  of  the  Cocoa  Nucifera,  which 
is  grown  hirgely  in  the  East  and  West  Indies.  The  meat  of  the  nut  is 
scraped  and  eaten  with  rice  curries.  Its  composition  and  other  uses  have 
been  discussed  on  page  494,  to  which  the  reader  is  referred. 

FILBERTS.— Filberts  are  the  fruit  of  the  Corylua  tubulosu,  of  which 
there  are  both  wild  and  cultivated  varieties  in  most  European  countries. 
The  name  filbert  is  a  corruption  of  ''full  beard"  and  should  be  applied 
only  to  those  varieties  in  which  llie  husk  is  fringed  and  extends  beyond 
the  kernel.  The  nut  is  of  fine  flavor,  rather  long  pointed.  It  is  a  superior 
dessert  nut,  but  little  inferior  to  the  almond. 

GROUND  NUTS.— Ground  nuts  are  the  fruit  of  Arachis  hypogea,  a 
tuberous  root  growing  in  warm  countries,  sometimes  called  "earth  chest- 
nut." The  nuts  grow  undergi'ound  and  are  about  the  size  of  a  hazel  nut. 
When  digged  and  dried  they  are  very  sweet  and  of  excellent  flavor.  They 
form  a  very  nutritious  food  {see  also  ''Roots  and  Tulxjrs,"  Volume  I, 
Chapter  XIII). 

HAZEL  NUTS.— Hazel  nuts  are  the  fruit  of  the  Corylus  aveUana,  which 
is  cultivated  in  the  temperate  regions  of  the  earth,  especially  in  the  Asiatic 
countries,  around  the  Black  Sea.  Large  quantities  are  exported  as  filberts 
from  Spain.  There  are  many  species.  One  in  particular,  called  the  coh 
nut,  is  broad  and  short  but  not  of  the  best  quality.  Dried  hazel  nut  meal 
contains  65  per  cent  oil,  which  is  known  commercially  as  "nut  oil." 

HICKORY  NUTS.— Hickory  nuts  are  the  finest  wild  nuts  which  grow 
in  the  United  States.  These  nuts  are  the  most  highly  esteemed  nuts  of 
N'orth  America,  especially  the  scaly  hark  varieties,  which  are  very  sweet 
and  highly  nutritious.  They  contain  a  large  proportion  of  fat  and  should 
be  eaten  in  the  winter  following  their  growth. 

LIGHT  NUTS.— Li-chi  nuts  are  the  so-called  Chinese  nuts.  In  the 
strict  botanical  sense  tliey  are  not  nuts,  but  fruit  protected  by  a  nut 
shell.  They  grow  extensively  in  China,  but  are  about  the  size  of  a  date 
and  are  covered  with  a  scaly  hard  rind,  red  on  one  side,  green  on  the  other. 
They  contain  a  delicious  pulp  of  a  sweetish  subacid  taste  and  raisin-like 
flavor.  The  Chinese  dry  them  like  prunes  for  winter  use.  A  few  are  im- 
ported to  America. 

PARADISE  NLTTS.— The  paradise  nut,  grown  on  the  Lecyihis  usitaia,  re- 
sembles the  Brazil  nut.  It  has  a  rough  shell,  is  about  the  same  size,  but 
is  not  so  much  curved.  It  is  of  finer  quality  and  more  delicate  texture 
than  the  Brazil  nut,  but  as  yet  has  not  become  common  in  the  markets  of 
the  United  States. 
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PEANUTS.— The  peanut,  the  fruit  of  the  Arachis  hypogea,  is  a  legu- 
minous pod  and  not  a  nut,  strictly  speaking,  but  a  legume.^  This  nut  is 
known  under  various  names,  groundnut,  pindar  and  gooher.  It  appears 
to  be  of  tropical  American  origin.  Although  grown  for  a  long  time  in  the 
United  States,  it  did  not  become  popular  until  1870.  They  are  grown 
extensively  in  Virginia,  Tennessee  and  the  Carolinas. 

The  peanut  plant  grows  from  the  peanut  and  produces  a  more  or  less 
trailing  vine,  which  has  this  peculiarity;  as  the  blossom  withers,  the  spike 
of  the  ovary  pushes  into  the  ground  so  that  the  pod  develops  and  the  nut 
is  matured  under  the  ground.  The  annual  nut  crop  is  something  over 
4,000,000  bushels,  75  per  cent  of  which  are  consumed  as  roasted  peanuts. 
These  are  eaten  as  an  adventitious  or  extra  food,  but  their  digestibility 
and  nutritive  qualities  deserve  better  recognition.  They  are  rich  in  oil 
and  protein  and  make  a  concentrated  ration  (see  analysis,  Volume  I, 
Chapter  XIX). 

Prepared  peanut  confectionery,  "salted"  peanuts,  "peanut  brittle,"  are 
becoming  popular.  There  are  various  peanut  products  on  the  market,  in- 
cluding roasted  peanuts,  salted  peanuts,  peanut  butter,  peanut  meal  and 
peanut  oil.  The  last  is  a  fixed  oil  having  a  sweet  taste  and  is  said  to  be 
equal  to  olive  oil  (see  "Fats  and  Oils,"  Volume  I,  Chapter  XIV). 

PECAN  NUT.— The  pecan  nut,  the  fruit  of  Hicoria  pecan,  is  indigenous 
to  the  United  States.  Pecan  nuts  are  highly  esteemed  and  are  grown 
largely  in  the  southern  states  for  American  markets.  Some  of  the  choice 
varieties  of  pecan  have  originated  in  southern  Indiana,  northern  Kentucky 
and  southern  Virginia  and  are  most  successfully  grown  in  these  localities. 
The  nut  grows  on  a  tree  somewhat  similar  to  the  hickory  tree,  but  not 
nearly  so  large  or  so  tall.  The  nut  is  highly  valued  and  commands  a  good 
price.  Nut  cracking  factories  have  been  located  in  pecan  growing  dis- 
tricts. The  kernel  is  aromatic  and  resembles  the  hazel  nut  in  this  quality. 
Its  composition  is  water,  ,3  per  cent;  protein,  11  per  cent;  fat,  71.2  per 
cent;  starch  and  sugar,  13.3  per  cent,  and  ash,  5  per  cent. 

PINE  NUTS.-Pignolia  nuts,  the  fruit  of  various  species  of  the  pine 
tree,  are  edible  and  are  consumed  largely  for  food.  This  nut  grows  in  the 
pine  cone  and  is  shaped  somewhat  like  a  bean.  It  is  enclosed  within  a 
thin  shell  of  a  brownish  color.  The  meat  of  the  pine  nut  is  white  and  of 
a  rich,  delicate  flavor  without  any  suggestion  of  a  resinous  nature.  On 
analysis  pine  nuts  show  14  per  cent  protein;  62  per  cent  fat;  17  per  cent 
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carbohydrates.     They  are  grown  extensively  in  lower  California   and 

throughout  the  Pacific  states. 

PIsrAriliO  NUTS.— Pistachio  nuts  are  the  seeds  of  the  J^i.starhio  rira, 
growing  wild  and  extensively  in  Syria.  The  nut  is  also  found  in  France, 
Spain,  Italy  and  Sicily  and  to  a  less  extent  in  Florida  and  the  southern 
States  of  America.  The  fruit  is  alx)ut  the  size  of  an  almond,  convex  on 
one  side  and  concave  on  the  other.  It  is  of  the  drupe  family,  grows  in 
clusters  and  has  a  smooth  stone  which  is  easily  separated  into  two  halves 
at  maturity.  The  pulp  which  surrounds  the  nut  is  crimson  colored  and 
tender.  The  kernel  is  of  a  greenish  color  with  a  white  pellicle.  It  has  a 
sweet,  agreeable  flavor  and  an  aroma  resembling  that  of  almonds.  The 
pistachio  nut  is  highly  prized  on  account  of  its  greenish  color,  since  usable 
green  pigments  are  rare  in  the  vegetable  world,  and  for  its  pleasant  flavor. 
Pistachio  nuts  are  largely  used  in  confectionery  and  for  flavoring  ice 
creams  and  various  dishes  for  the  table. 

SAPUCAIA  NUTS.— Sapucaia  nuts  grow  in  Brazil.  The  seeds  of  Lecy- 
tJiis  aUaria  are  allied  to  Brazil  nuts.  The  fruit  consists  of  a  capsule  sev- 
eral inches  in  diameter.  When  it  is  ripe  the  seeds  fall  out.  The  seeds  are 
nuts  of  1^2  to  2  inches,  slightly  curved  and  grooved,  a  light  brown  color 
and  in  shape  somewhat  like  a  small  cucumber.  The  shell  is  soft,  the  in- 
terior mild  yellow  in  color,  with  a  flavor  of  cream  or  custard.  Sapucaia 
nuts  are  eaten  raw  or  roasted.  They  contain  no  starch  or  sugar  and  are 
therefore  a  valuable  food  for  diabetics. 


PfiOT£/N  /66  <J6^ 

FAT  634"^- 

STARCH.SUGAR.ETC  /J5<JbN 

CPUD£nBER    26%- 

ASH    /4<^^\^\ 


107  <56  ffROTEiN 

7/3  <>b  STAflCH.SUGAR.eTC 
.27  <%  C/?UD£ri3£R 
'22 «»  ASM 


Fig.  45.— Composition  of  the  Walnut.     (Bull.  No.  293,  U.  S.  Dept.  Agric.) 


THE  WALNUT.— The  w^alnut(8)  is  the  fruit  of  the  various  species  of 
Juglan.  The  black  walnut  tree  grows  wild  in  the  forests  of  the  North 
American  continent..  The  nuts  are  edible.  The  English  walnut  has  been 
cultivated  in  England  for  centuries  and  is  supposed  to  have  originally 
come  from  Persia.  More  recently  English  walnuts  have  been  successfully 
grown  in  California.  The  walnut  is  so  well  known  in  all  countries  that  it 
is  unnecessary  to  describe  it.  It  contains  about  2^  per  cent  water;  27 
per  cent  protein;  56  per  cent  fat;  12  per  cent  carbohydrates,  and  about 
3  per  cent  of  cellulose  and  ash.     Atwater  found  upon  analysis  that  the 
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ash  of  walnut  kernels  had  the  following  composition:  CaO,  5.6;  MgO, 
16.6;  NagO,  1.0;  KgO,  12.7;  MnOg,  0.3;  Fe203  and  AI2O3,  3.2;  P2O5, 
57.8;  SO3,  1.3;  SiOg,  0.7,  and  CI,  0.7  per  cent. 
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This  class  of  fruits  is  raised  from  seed  which  is  sown  annually.  The 
plants  are  generally  vines,  and  the  fruit  ripens  on  the  surface  earth.  All 
of  this  class  of  vegetable  fruits  are  grown  for  immediate  use,  with  the 
exception  of  the  pumpkin,  which  may  be  kept  for  months. 

Most  of  the  garden  fruits  come  under  the  order  of  cucurhitacece,  which 
include  the  cucumber,  vegetable  marrow,  pumpkin,  squash  and  various 
other  gourds.  According  to  Goff,  there  are  more  than  fifty  varieties  of 
pumpkin,  squash  and  vegetable  marrow.  The  fruits  of  the  cucurbital  or 
gourd  family  contain  very  little  nutriment  of  any  moment.  Atwater 
has  found  that  the  cucumber  contains  a  protein  content  of  only  0.8  per 
cent,  of  which  but  0.4  per  cent  was  albuminoid;  in  squash  the  nitrogenous 
matter  was  but  0.6  per  cent,  including  0.5  per  cent  protein.  The  carbo- 
hydrates are  starch  and  sugar;  the  free  acid  is  only  0.2  per  cent.  These 
fruits,  while  of  no  value  as  a  food  product,  are  useful  mainly  to  break  the 
monotony  of  the  dietary. 

Varieties  of  Garden  Fruits — THE  CITRON.— The  citron,  a  variety  of 
Citrus  vulgaris^  a  native  of  tropical  countries,  is  really  a  small  variety  of 
watermelon  which  has  a  very  thick  rind,  grows  nearly  solid  and  has  an  in- 
sipid taste.  The  seeds  are  black  and  the  flesh  of  the  citron  is  a  light  cream 
yellow  and  not  edible  raw.  It  is  used  for  making  preserves  and  candied 
confections  similar  to  that  of  the  genuine  citron  (see  page  485). 

CUCUMBER.— Cucumber,  the  fruit  of  the  Cucumis  sativa,  is  one  of  a 
number  of  the  gourd  family  which  is  indigenous  to  southern  India  and 
grows  luxuriously  in  most  of  the  warm  climates  of  the  world.  In  fact  few 
garden  plants  have  been  known  longer  to  man  than  the  cucumber,  if  we 
are  to  believe  De  Candolle,  who  has  proven  its  cultivation  for  the  past 
four  thousand  years.  This  melon  fruit  came  into  general  use  in  England 
about  the  beginning  of  the  seventeenth  century.  In  Egypt  the  cucumber 
is  cx)oked  and  served  in  various  ways  and  forms  quite  an  addition  to  the 
diet.  In  the  United  States  and  other  countries  the  cucumber  is  gathered 
while  immature  and  used  for  pickling  and  peeled  and  sliced  for  salads. 
The  cucumber  contains  about  96  per  cent  water  and  is  hardly  worth  while 
from  the  viewpoint  of  food  value. 
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The  Gherkin. — Gherkin  is  a  fruit  of  the  cucumber  family  used 
largely  for  pickling.  This  fruit  is  covered  with  prickers,  which  sting  the 
fingers  when  pulling  the  fruit  from  the  vine.  It  is  a  short,  thick  fruit, 
while  the  cucumber  is  oblong.    The  gherkin  is  higlily  prized  for  pickles. 

EGGPLANT.— Eggplant,  the  fruit  of  tiolanum  meloiujena,  is  a  native  of 
the  East  Indies,  but  is  also  grown  in  Europe,  America  and  the  West  In- 
dies. The  fruit  is  a  large,  egg-shaped,  melon-like  fruit,  about  the  size  of 
a  cocoanut,  sometimes  white  but  more  generally  of  a  purple  color.  Ii 
grows  on  a  bush-like  vine.  The  eggplant  is  eaten  raw  like  a  tomato, 
cut  into  slices,  or  it  may  be  broiled  or  fried. 

MELONS.— Melons  are  the  fruit  of  varieties  of  Cucumts  melo,  which 
have 'long  been  cultivated  in  Eastern  countries,  probably  for  more  than 
2,0(»0  years.  According  to  De  Candolle,  melon  culture  dates  back  to  the 
beginning  of  the  eighth  century.  A  study  of  the  origin  of  melons  indicates 
that  they  were  found  originally  in  India  and  Africa.  The  Indian  varie- 
ties produce  a  fruit  which  is  sweet,  insipid  or  slightly  acid,  its  surface 
striped  or  all  of  one  color.  The  African  type  grows  wild  in  Guinea.  The 
odor  is  that  of  any  fresh  melon. 

The  Muskmelon. — The  muskmelon,  grown  originally  in  India  and 
Behichistan  before  the  Christian  era,  is  a  yellowish  green  oval  fruit,  with 
a  highly  flavored  sweet  pulp.  The  sub-varieties  include:  (a)  citron  musk- 
melon; (h)  cantaloupe  muskmelon ;  (c)  nutmeg  muskmelon,  and  {d)  pine- 
apple muskmelon,  so  called  from  their  various  physical  characters.  The 
casaba  or  winter  muskmelon  has  a  faintly  yellow,  delicate  pulp  of  sweetish 
taste,  somewhat  resembling  that  of  a  ripe  cucumber. 

The  Rockyford  cantaloupe,  originally  grown  under  irrigation  at  Rocky- 
ford,  Colorado,  is  noted  for  its  delicious  taste  and  odor.  It  is  now  grown 
from  seed  all  over  the  southern  states.  The  Shamman  is  a  fruit  similar  to 
the  muskmelon  and  is  said  to  be  the  finest  fruit  grown  in  Egypt.  Pome- 
granate, Dudaim  or  Queen  Anne  melon  is  another  variety  of  muskmelon, 
a  native  of  Persia.  It  has  a  variegated  color,  green  and  orange,  becoming 
yellowish  when  fully  ripe.  It  has  an  insipid  pulp,  is  inedible,  but  has  a 
most  fragrant  vinous  musk-like  odor. 

Watermelox. — Watermelon,  the  fruit  of  the  Citndlus  vulgaris,  a 
native  of  tropical  Africa,  was  extensively  cultivated  by  the  ancient  Eg\\y- 
tians,  whence  it  spread  into  Asia.  It  was  found,  cultivated  by  the  Amer- 
ican Indians,  by  Raleigh  when  he  discovered  Roanoke  Island  in  1584. 
The  watermelon  is  a  smooth,  round,  elongated  fruit  of  green  color,  having 
a  hard  green  rind  which  encloses  a  rose  colored  pulp  of  a  rich,  delicious 
flavor,  and  an  abundance  of  watery  juice  of  an  inviting  sweetish  taste  for 
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which  it  is  highly  prized.  This  fruit  comprises  a  very  important  part  of 
the  food  of  the  natives  of  Egypt  during  the  hot  season.  It  is  much  esteemed 
in  India  and  in  America  from  Chili  to  Canada.  This  fruit  is  cultivated  in 
nearly  all  tropical  and  temperate  countries  and  is  very  popular  with  all 
classes  of  society.  It  is  delicious  served  icy  cold  on  a  hot  summer's  day. 
Its  qualities  are  said  to  he  improved  by  cutting  a  hole  in  the  rind  and  add- 
ing a  bottle  of  champagne.  It  is  a  valuable  commercial  crop  in  the  south- 
ern states  and  immense  quantities  are  shipped  north  during  the  summer 
months. 

THE  PUMPKIN.— The  pumpkin  is  the  fruit  of  the  Cucurhita  pepo.  Ac- 
cording to  Goif,  there  are  fifty-five  varieties  of  pumpkin,  squash  and  vege- 
table marrow.  He  classifies  them  into:  (a)  pumpkins  and  vegetable' mar- 
row; (h)  summer  and  winter  squash,  and  (c)  sweet  potato  pumpkin  and 
cashews.  The  pumpkin  was  found  growing  in  the  Indians'  cornfields 
when  our  forefathers  came  to  this  country.  Although  its  handsome  ex- 
terior belied  its  food  and  fuel  value,  nevertheless  it  has  become  a  popular 
garden  vegetable,  and  the  taste  cultivated  through  necessity  at  first,  has 
been  handed  down  through  generations,  until  it  has  become  an  established 
favorite  for  pies  and  custards. 

The  pumpkin  is  usually  round,  occasionally  oblong,  weighs  from  ten 
to  two  hundred  pounds  and  is  used  in  a  variety  of  edible  dishes.  It  may 
be  cut  up  -and  used  in  soups,  made  into  pies,  or  the  ripe  pumpkin  having 
had  the  seeds  scooped  out  through  an  opening  made  in  one  end,  may  be 
filled  with  sliced  apples,  sugar  and  spices  and  cooked  whole.  The  pumpkin 
is  highly  prized  in  the  New  England  States  for  pies  and  custards.  To 
make  the  best  pies  and  custards  the  pumpkin  should  be  cut  into  long, 
large  slices  and  baked,  then  scooped  from  the  rind  and  sugar  and  spices 
added,  together  with  rich  milk  or  cream  mixed  into  a  batter. 

SQUASH.— Squash,  the  fruit  of  the  Cucurhita  melopepo,  sometimes 
called  cymling  or  summer  squash,  is  thought  to  be  a  variety  of  the  common 
gourd  from  which  the  pumpkin  also  appears  to  have  been  derived.  Squash 
is  extensively  grown  in  America,  the  vegetable  is  flat  with  prominent  an- 
gles or  ribs  at  the  sides.  As  a  nutrient  vegetable  the  squash  amounts  to 
little.  It  contains  only  9  per  cent  of  nutritive  material,  while  the  nutri- 
tive material  of  the  pumpkin  is  5  per  cent. 

VEGETABLE  MARROW.— Vegetable  marrow,  the  fruit  of  the  Cucurhita 
ovifera,  is  closely  akin  to  the  squash.  It  is  more  cultivated  in  England  as 
a  garden  vegetable  than  in  the  United  States.  One  variety  known  as  cus- 
tard marrow  is  a  flattened  fruit  with  scalloped  edges  and  is  sweeter  than 
the  true  marrow.     The  fruit  is  eaten  when  quite  young.    Both  squash  and 
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marrow  are  boiled,  seasoned  witli  butter,  salt  and  j)ej)i)cr  and  used  as  a 

vegetable. 

Preservation  of  Fruits.  l)i/  Cold  Storage 

The  preservation  of  ripe  fruits  by  cold  storage  is  a  process  somewhat 
similar  to  that  for  the  preservation  of  meats,  tish,  game,  eggs  and  l)utter, 
etc.  It  should  not  be  forgotten  that  the  life  pnxiesses  go  on,  although 
slowly,  in  fruit,  even  at  a  low  temperature.  Tlie  fungi  and  bacteria  are 
always  ready  to  produce  decay  and  their  action  is  only  retarded  by  a  low 
temperature.  The  keeping  (puilities  of  ripe  fruits  in  cold  storage  depend 
upon  their  ripeness,  their  soundness  and  their  freedom  from  bruises.  The 
modern  ccM  storage  warehouse  has  its  ice  plant  so  arranged  that  cold  brine 
can  be  circulated  in  pipes  through  the  rooms  in  which  the  fruit  is  stored. 
The  temperature  may  thus  be  kept  at  32°  F.  or  even  below,  and  can  Ik* 
positively  controlled.  For  some  varieties  of  apples  a  lower  temperature 
is  required  than  for  others.  It  has  been  learned  from  experience  that 
there  is  a  special  temperature  most  satisfactory  for  keeping  each  variety 
of  fruits.  Fruits  as  well  as  other  produce  kept  in  cold  storage  for  a  long 
time  deteriorate  or  "go  down"  very  quickly  when  removed  frr)m  tlie  ware- 
house. This  is  not  the  case  with  fruits  which  have  been  stored  in  cellars, 
in  caves  or  in  "hills"  at  the  temperature  of  the  outside  air.  Fruit  stored 
in  this  manner  does  not  deteriorate,  when  removed  to  rooms  of  ordinary 
temperature,  nearly  so  rapidly  as  that  which  has  been  in  cold  storage. 
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CHAPTER   XVI 


WATERS,  BEVERAGES,  MALT  LIQUORS,  STIMULANTS, 
WINES,  CIDERS  AND  VINEGARS 

Waters:  Classification  of  Waters—Potable  and  Table  Waters;  Drinking 
of  Water  at  Meals. 

Beverages:  Varieties  of  Beverages— Tea,  Coffee.  Cocoa,  Chocolate,  Kola, 
Guarana,  Coca;  Nutritive  Value  of  Beverages;  Deleterious  Effects 
of  the  Use  of  Beverages. 

Malt  Liquors:  Preparation  of  Malt  Liquors;  Composition  of  Malt 
Liquors;  Action  of  Malt  Liquors  on  Digestion;  Low  Alcoholic  Bev- 
erages; Herb  Beers. 

Stimulants :  Consideration  of  Effects  of  Alcohol  on  the  Body ;  Varieties  of 
Alcoholic  Drinks — Whiskey,  Brandy,  Gin,  Liqueurs;  Conclusions  as 
to  the  Use  of  Alcohol. 

Wine:  Preparation  of  Wine;  Varieties  of  Wines;  Still,  Sparkling,  Natu- 
ral Wines,  etc.;  Effect  of  Wines  on  Digestion;  Wine  as  Source  of 
Nutriment;  Use  of  Wines. 

Vinegars:  Cider  and  Perry. 

WATERS 

Man  can  live  for  weeks  without  food,  but  he  can  abstain  from  water 
but  a  few  days.  In  the  human  organism  (60  per  cent  of  which  is  water) 
water  is  essential  to  digestion,  assimilation,  metabolism  and  reproduction. 
In  fact  no  vital  process  in  the  body  occurs  in  the  absence  of  water. 

Water  is  an  absolute  necessity  as  a  solvent.  It  is  constantly  being 
eliminated  by  the  skin,  the  lungs  and  the  kidneys.  This  loss  must  be  re- 
placed in  order  to  maintain  the  functions  of  the  body.  Fortunately  water 
is  the  chief  constituent  of  all  beverages  and  enters  largely  into  the  compo- 
sition of  solid  foods,  so  that  it  is  an  easy  matter  for  man  to  follow  normal 
inclinations  in  quenching  his  thirst. 

Physicians  have  for  years  encouraged  the  habit  of  drinking  water. 
However,  the  question  whether  it  is  wise  to  drink  water  at  meal  time  or 
not,  is  still  a  matter  of  discussion. 

"Though  many  persons  are  accustomed  to  drink  considerable  quantities 
of  water  at  meal  time  with  no  apparent  ill  effect,  the  statement  has  been 
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and  still  continues  to  be  made  that  water  drunk  with  meals  is  injurious. 
This  assertion  rests  solely  on  a  priori  reasoning  and  not  on  experiment, 
but  is  commonly  believed  by  the  general  public  and  by  many  of  the  med- 
ical profession  today."  It  is  commonly  stated  that  water  should  never 
be  drunk  with  meals,  but  an  hour  after  the  meal  has  been  eaten;  that 
water  drunk  while  eating  "artificially  moistens  the  food,  thus  hindering 
the  normal  and  healthful  flow  of  saliva  and  the  other  digestive  juices; 
that  it  dilutes  the  various  juices  to  an  abnormal  extent,  and  that  it  washes 
the  food  elements  through  the  stomach  and  into  the  intestines  before  they 
have  had  time  to  become  thoroughly  liquefied  and  digested.  The  effects 
of  this  upon  the  welfare  of  the  v.^hole  organism  can  only  be  described  as 
direful."  There  is  no  proof  that  such  effects  follow  the  drinking  of  water 
with  meals.  On  the  contrary,  certain  experiments  show  that  these  effects 
do  not  follow. 

Pavlov  (1)  proved  that  water  acts  as  an  excitant  of  the  pancreatic 
juice.  "When  150  c.c.  of  water  is  introduced  into  the  stomach  of  a  dog, 
the  pancreas  begins  to  secrete  or  its  flow  increases  within  a  few  minutes 
after  the  water  has  entered  the  stomach.  Since  this  amount  of  water  is 
insufficient  to  excite  the  flow  of  gastric  juice,  the  secretion  of  pancreatic 
juice  is  not  secondary  to  a  secretion  of  the  gastric  juice,  but  is  a  direct 
result  of  the  presence  of  water  in  the  stomach. 

"In  dogs  with  pancreatic  fistulse,  it  has  been  shown  that  following 
chemical  and  psychical  stimuli,  there  is  a  parallelism  between  the  secretion 
of  gastric  juice  and  pancreatic  juice.  All  kinds  of  acids  are  powerful  ex- 
citants of  pancreatic  secretion.  Large  amounts  of  acid  chyme  pouring 
into  the  small  intestine  cause  increased  pancreatic  secretion  with  increased 
flow  of  pancreatic  juice"  {see  Volume  I,  Chapters  YI-VII).  It  has  been 
shown  that  the  biliary  secretion  is  also  increased,  thus  augmenting  the 
digestive  processes.  "Thus  the  increased  acidity  of  the  gastric  contents 
resulting  from  the  stimulating  action  of  water  causes  a  far  more  active 
digestive  juice  to  be  poured  out  upon  the  chyme  when  it  reaches  the  intes- 
tine. Further,  Hawk  has  shown  that  increased  pancreatic  activity  follows 
water  drinking  with  meals,  the  index  being  the  output  of  fecal  amylase." 

It  has  been  taught,  in  the  past,  that  free  consumption  of  water  during 
meals  is  apt  to  retard  digestion  by  diluting  gastric  juice.  This  statement 
is  not  well  grounded,  and  has  led  to  a  tendency  on  the  part  of  the  laity 
to  use  an  insufficient  amount  of  water  and  other  liquids  with  the  daily 
diet  Water  is  itself  a  slight  though  unimportant  excitant  of  gastric  secre- 
tion. Experiments  by  Eleischer  have  shown  that  even  in  quantities  of 
one  pint  it  does  not  affect  the  rapidity  of  digestion.    Even  two  pints  pro- 
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duce  slifijlit  slowing,  while  it  re<iuiree  three  pints  to  produce  any  niarketi 
efi'eet.  Jvecent  investigations  sooni  to  indicate  that  water  and  other  l)ever- 
ages  taken  in  quite  large  quantities  with  the  food  tend  to  assist  digestion 
rather  than  retard  it.  Water  should  never  be  drunk  to  wash  down  the 
food.  A  glass  of  water  before  meals  Hushes  out  the  debris  of  the  last  meal 
from  the  stomach,  removes  the  mucus  and  tones  up  the  gastric  mucous 
membrane.  Taken  three  hours  after  meals  it  assists  the  final  stages  of 
digestion,  dilutes  acidity  and  sometimes  facilitates  the  eructation  of  gas. 

In  Chapter  X  we  studied  the  physiological  value  of  water,  its  absorp- 
tion, its  diuretic  and  diaphoretic  actions  and  its  various  uses.  In  this 
chapter  we  will  take  up  the  classification  of  waters,  the  various  varieties 
of  mineral  waters  and  their  therapeutic  uses. 

Classification  of  Waters. — Waters  are  classified  as  hard  or  soft,  accord- 
ing to  the  amount  of  mineral  matter  which  they  contain.  Kain  water,  the 
purest  form  of  natural  water,  is  soft.  Hard  water  contains  considerable 
calcium  and  magnesium  salts.  If  these  salts  are  in  the  form  of  carbonates, 
the  water  is  referred  to  as  "temporarily  hard" ;  if  in  the  form  of  sul- 
phates, the  water  is  "permanently  hard."  The  magnesium  present  in 
"temporarily  hard"  water  can  be  precipitated  by  boiling,  which  will  leave 
an  incrustation  on  the  walls  of  the  vessel.  Water  which  has  a  particu- 
larly high  content  of  this  mineral  substance  is  not  satisfactory  for  some 
culinary  purposes.  For  making  tea,  however,  a  soft  water  is  preferable. 
For  laundry  purposes,  on  the  other  hand,  hard  water  is  very  unsatisfac- 
tory, as  the  soap  which  is  added  is  used  up  in  precipitating  a  lime  or  mag- 
nesia soap  before  a  permanent  lather  will  form.  T\Tien  a  large  amount  of 
water  is  prescribed  for  drinking  purposes,  it  should  be  as  soft  as  possible. 
Drinking  waters  are  classified,  according  to  the  Rivers  Pollution  Com- 
mission, as  follows: 


Spring  Water  J 

Wholesome....  -12.  Deep  Well  Water  V  (Very  palatable)! 

Upland  Surface  Waters ) 


(3. 

( 4.  "Stored  Rain  or  Soft  Water  I  /x*  j      *  i        i  *  ui  \ 

Suspicious. . . .  {  5   g„^^^^  ^vater  from  Cultivated  Land  }  (Mo<«e™t«Jy  P^l^t^We) 

(  6.  River  Water  to  which  Sewage  gams  Access )  f^....'. 
Dangerous.  . .  ]  ^    gj^^Uow  Well  Water  \  (P^^^^^Ie) 

Rosenau,  in  his  "Preventive  Medicine  and  Hygiene,"  prefers  the  fol- 
lowing simple  classification:  (a)  good,  (b)  polluted,  (c)  infected.  This 
practically  corresponds  to  the  classification  of  the  Rivers  Pollution  Com- 
mission. 
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POTABLE  WATERS.— Potable  waters,  or  those  suitable  for  use  as  a 
source  of  domestic  supply  and  for  drinking,  may  be  derived  from  public 
or  private  sources.  The  advantage  of  a  public  supply  is  that  the  whole 
quantity  used  by  the  City  may  be  supervised  carefully  and  analyzed  fre- 
quently, thus  insuring  its  purity  and  wholesomeness.  On  isolated  farms 
or  in  small  villages  there  are  always  sources  of  filth  near  at  hand,  such  as 
stables,  closets,  drains,  cesspools  or  hog  wallows.  Few  individuals  appre- 
ciate the  danger  of  surface  water  as  a  source  of  filth  to  the  water  supply. 
It  may  percolate  through  the  soil  without  the  slightest  purification,  or  it 
may  run  over  the  surface  and  into  the  well  or  cistern,  carrying  with  it 
any  germs  of  disease  that  may  have  been  in  the  filth  with  which  it  came 
in  contact.  Water  may  be  clear,  colorless  and  tasteless,  while  it  contains 
many  impurities  and  disease  bearing  germs.  Some  of  the  most  dangerous 
waters  do  not  betray  their  character  by  their  taste,  color  or  appearance. 

Impurities  of  Water. — The  impurities  of  water  are  both  mineral 
and  organic.  As  water  percolates  through  the  soil  and  over  the  rocks,  it 
dissolves  out  various  mineral  substances,  which,  with  the  aid  of  carbon 
dioxid  and  other  gases,  are  held  in  solution.  The  mineral  substances  ordi- 
narily found  in  water  include  calcium,  magnesium,  sodium,  potassium, 
iron,  aluminium  and  a  few  other  metals  united  with  such  acid  ions  as 
chlorin,  sulphur  and  the  sulphate,  carbonate,  nitrate,  phosphate  and  sili- 
cate ions.  The  purification  of  water  is  best  accomplished  by  distillation. 
Soluble  impurities  may  often  pass  through  the  filter,  so  that  filtered  water 
is  not  nearly  so  reliable  as  distilled  water. 

The  organic  constituents  of  waters  are  obtained  from  organic  matter 
and  are  either  vegetable  or  animal  in  origin.  When  water  is  loaded  with 
organic  matter,  it  is  likely  to  contain  the  germs  of  disease.  For  instance, 
water  may  be  contaminated  with  the  drainage  from  cesspools  and  contain 
the  germs  of  typhoid  fever,  cholera  or  other  diseases  of  this  class.  The 
presence  of  organic  matter  is  a  warning  to  the  chemist  and  the  bacteriolo- 
gist that  the  water  is  dangerous  and  the  source  of  pollution  should  be 
ascertained  and  the  water  condemned.  To  guard  against  impurities  con- 
sisting largely  of  organic  matter,  sources  of  the  water  supply  should  be 
carefully  and  rigidly  inspected. 

TABLE  WATERS.— Table  waters  are  comparatively  free  from  mineral 
matter  and  should  have  little  or  no  color,  no  odor,  a  pleasant,  fresh  taste 
and  should  contain  only  a  moderate  amount  of  solid  matter,  eight  and  one- 
half  grains  per  gallon  being  a  good  average.  Wholesome  table  waters 
should  contain  very  little  organic  matter.  What  there  is  should  be  of 
vegetable  origin,  with  only  a  small  proportion  of  chlorids.     Some  of  the 
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purest  natural  waters  are  found  in  the  Appalachian  and  Green  Mountain 
regions  of  the  United  States,  where  the  rocks  are  of  granite  or  sandstone, 
and  where  there  is  very  little  soil  through  which  the  water  can  percohite. 
Paradise  Spring  at  Brunswick,  Ale.,  contains  only  OAH)  grains  of  mineral 
matter  per  gallon ;  Poland  Spring  at  Poland,  Me.,'contain8  3.76  grains  of 
mineral  matter.     Both  are  considered  very  low  in  mineral  sulwtances. 

Table  waters  are  not  without  therapeutic  elTect.  As  we  have  learned 
in  Chapter  X,  they  are  powerful  solvents  used  to  remove  the  waste  tissues 
from  the  body  in  gouty  and  rheumatic  conditions,  in  diseases 
of  the  liver,  kidneys  and  bladder.  Being  highly  charged  with  carlxjnic 
acid,  their  bright  and  sparkling  appearance  tempts  the  patient  to  use  them 
in  large  quantities  without  effort.  This  class  of  waters  in  the  United 
States  are  derived  from  the  Bladon  Springs,  Choctaw,  Alabama ;  the  Blue 
Lick,  Kentucky;  Clarendon,  Ilutland  County,  Vermont;  the  Sweet  Cha- 
lybeate, Alleghany,  Virginia;  Adam's  Spring,  Lake  County,  California; 
the  Saratoga  Vichy,  New  York,  and  the  Wilhoit  Springs,  Oregon. 

Analysis  of  Table  Waters. — In  ta])le  I,  taken  from  Tibbies,  will 
be  found  analyses  of  various  table  waters,  showing  the  constituents  in 
grains  per  gallon. 

MINERAL  WATERS.— Mineral  waters  are  classified  under  the  following 
heads(2) : 

(a)   Purgative  and  Bitter  waters  (d)   Chalybeate  waters 

(h)   Alkaline  waters  (e)   Sulphurous  waters 

(c)    Saline  waters  (/)   Calcic  waters 

(g)   Thermal  waters 

(a)  Purgative  or  Bitter  Waters. — Purgative  or  bitter  waters  are 
characterized  by  a  large  proportion  of  sulphate  of  sodium  and  sulphate 
of  magnesium ;  they  also  contain  various  proportions  of  magnesium  chlo- 
rid,  carbonate  and  nitrate,  calcium,  carbonate  and  sodium  chlorid.  These 
waters  are  aperient  by  reason  of  the  sulphates.  ^letabolism  is  encouraged 
by  the  chlorids,  and  the  alkaline  salts  render  them  of  value  in  many  of 
the  same  diseases  as  are  treated  Ly  the  alkaline  waters.  These  waters  are 
indicated  in  small  doses  as  stimulants  to  excite  intestinal  peristalsis  and 
are  also  useful  in  habitual  constipation.  They  are  of  considerable  thera- 
peutic value  in  the  treatment  of  acute  and  chronic  diseases  of  the  stomach, 
jaundice,  disease  of  the  liver,  spleen  and  kidneys;  in  lithemia  and  in  dis- 
eases due  to  the  uric  acid  diathesis :  in  lead  and  other  fonns  of  poisoning; 
in  anemia,  chlorosis,  diseases  of  the  blood  and  skin ;  in  scrofula,  lymphatic 
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and  otlur  enlargements,  and  in  chronic  nterine  catarrh,  leukorrhea,  <•( in- 
gestion or  chronic  inflammatory  diseases  of  tlie  uterine  appendages. 

The  proper  dose  of  the  strong^M*  aperient  or  purgative  waters  is  usu- 
ally ahout  a  wineglassful,  hest  taken  l)efure  hreakfast  and  followed  hy  a 
cup  of  hot  tea,  coffee  or  milk. 

Analysis  of  Pkincii'al  Purgative  or  Bitter  Springs. — The  prin- 
cipal springs  from  which  this  class  of  waters  are  ohtained,  together  with 
their  analyses  (constituents  in  grains  per  gallon),  will  bo  found  in  Tabic 
II.     (From  Tibbies^  ^^^od  and  Hygiene.") 

(h)  Alkaline  Waters. — Alkaline  waters  arc  divided  into:  1.  Sim- 
ple acidulous,  2.  Alkaline  acidulous,  3.  Alkaline  muriated  acidulous,  4. 
Alkaline  saline  acidulous  waters. 

1.  The  simple  acidulous  alkaline  waters  contain  large  quantities  of 
carbon  dioxid,  which  increases  peristaltic  action  of  the  stomach  and  intes- 
tines. The  principal  waters  of  this  class  come  from  the  Clysmic  Spring 
in  Wisconsin,  Blue  Lick  in  Kentucky,  the  Geyser  Spring  in  California, 
the  Manitou  Soda  Spring  in  Colorado,  and  the  Carlsbad  Spring  in  Bo- 
hemia. 

2.  The  alkaline  acidulous  waters  contain,  in  addition  to  carbon  dioxid, 
varying  proportions  of  sodium  carbonate.  These  waters  are  useful  in  the 
treatment  of  minor  gastric  disturbances  and  in  catarrhal  conditions  of  the 
respiratory  tract.  In  moderate  quantities  they  exert  a  stimulating  action 
upon  the  gastro-intestinal  tract  and  upon  the  urinary  organs.  They  dis- 
solve mucus  and  neutralize  the  excess  of  acid  in  the  stomach.  These 
waters  are  useful  in  the  treatment  of  constipation,  indigestion  and  defi- 
ciency of  secretion. 

3.  The  alkaline  muriated  acidulous  waters  contain,  in  addition  to  car- 
bon dioxid  and  sodium  carbonate,  large  quantities  of  sodium  chlorid. 
These  waters  exert  a  markedly  solvent  action  on  uric  acid,  biliary  and 
urinary  concretions.  They  are  especially  valuable  in  liquefying  the  secre- 
tion of  the  respiratory  and  urinary  tracts.  This  class  of  waters  is  useful 
in  the  uric  acid  diathesis,  hepatic  engorgements,  gallstones,  hyperacidity 
of  the  gastric  juice  and  catarrhs  of  the  stomach  and  bladder.  The  Sara- 
toga Vichy  is  a  good  example  of  this  type  of  water. 

4.  The  alkaline  saline  acidulous  waters  contain  sulphate  of  sodium, 
bicarbonate  and  chlorid  of  sodium.  They  are  both  warm  and  cold  waters. 
The  cold  waters  when  taken  in  large  quantities  act  as  purgatives  and  at 
the  same  time  exert  marked  diuretic  effects.  The  warm  waters  inhibit 
urinary  secretion  and  are  useful  in  relieving  gastro-intestinal  catarrh,  gout 
and  catarrhal  jaundice,  hepatic  congestion  and  urinary  concretions.    Some 
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of  the  principal  springs  from  which  these  waters  are  obtained  are  the 
Carlsbad  and  Marienbad  in  Hohoinia,  Ke^ser  Spa  in  (.'alifornia,  and  Hot 
Springs  in  Arizona.  In  many  cases  of  albuminnria  they  effect  a  reduc- 
tion in  the  amount  of  albumin  and  exert  a  beneficial  influence  upon  the 
injured  kidneys.  In  urinary  gravel— a  sign  of  retarded  metabolism— 
the  alkaline  waters  have  a  characteristic  effect;  the  acid  reaction  of  the 
urine  becomes  less  marked,  the  deposition  of  uric  acid  ceases,  and  the 
urine  becomes  clear,  bland  and  unirritating. 

In  addition  to  the  alkaline  waters  given  in  Table  III,  on  page  529,  we 
enumerate  below,  additional  springs  in  the  United  States  supplying  alka- 
line waters (3),  viz.: 

ALKALINE  SPRINGS 
Spring  Locality  ^fatb 

Blount  Springs Alabama 

Hot  Springs Arkansas 

St.  Barbara  Sulphur  Springs ( 'alifomia 

St.  Helena  Sulphur  Springs « 

Ashley's  Sprmg South  Carolina 

Glen  Spring *•  « 

NichoUs'  Spring "  « 

Onslow  Alum  Spring North         ** 

Plummer's  Arsenic  Spring "  « 

Thomson's  Spring South        « 

Perry  Spring. Pike  County Illinois 

Versailles  Spring Brown  County " 

Daggy  Spring Greencastle  County. . .  Indiana 

Dewdrop  Spring «  « 

Epsom  Spring Wyandotte  County.  . .       ■ 

Hawkins'  Spring Wayne  County • 

Marian  Artesian  Well Grant  County " 

Bryant  Spring Kentucky 

Estill  Chalybeate  and  Sulphur  Spring " 

Field  Spring Lincoln  County ■ 

Grove  Spring "  "  • 

Howard  Spring * 

North  Port  Mineral  Well Maine 

Poland  Spring " 

Underwood  Spring * 

Cljnnnera  Spring Manor  Estate Mar>'Iand 

Hubbardstone's  Well lona Michigan 

Leslie's  Spring Ingraham 

Warner  Spring Albion " 

Birchdale  Spring New  Hampshire 

Concord  Spring *  * 

Jerusalem  Spring "  " 

Artesian  Well Winslow Xow  Jersey 

Calo  Springs Brown's  Mills 

Cherry  Hill  Springs Otsego  County New  York 

Florida  Spring Montgomery • 

Lebanon  Spring Columbia * 

Valley  Springs Otsego  County « 
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Spring  Locality  State 

Yellow  Springs Green  County Ohio 

Black  Barren Lancaster  County Pennsylvania 

Cresson's  Springs Cambria  County " 

Fayette  Limestone  and  Chalybeate  Spring.  .Bedford  County " 

McVittey's  Satilla  Spring Huntingdon  County. .  " 

Miimequa  Springs Bradford  County " 

Rock  Springs Lancaster  County " 

Strummel's  Lithia  Spring Adam's  County " 

Missequoi  Spring Frankland Vermont 

Augusta  Springs Virginia 

Berkeley  Springs " 

Capon  Springs " 

Heahng  Springs " 

Jordan  Springs. " 

Massanattan  Spring " 

Orkneys  Spring " 

Rawley  Spring , " 

Stribbehng's  Spring " 

(c)  Saline  Waters. — Saline  waters  are  solutions  of  halogen  com- 
pounds of  the  alkalies,  commonly  distinguished  by  the  presence  of  large 
quantities  of  sodium  chlorid.  They  also  comprise  solutions  of  calcium, 
potassium,  lithium  and  aluminium  chlorids,  and  may  contain  traces  of 
bromin  or  iodin. 

The  simple  sodium  chlorid  waters  contain  besides  the  sodium  and 
other  chlorids  carbon  dioxid  in  large  quantities.  The  sodium  chlorid  in- 
creases the  secretion  of  the  mucous  membranes,  especially  in  the  stomach. 
Those  waters  exert  a  markedly  diuretic  and  laxative  effect  and  are  useful 
in  chronic  catarrh  of  the  respiratory  tract  and  of  the  alimentary  tract. 

The  bromin  and  iodin  waters  contain  bromin  and  iodin,  in  addition 
to  the  sodium  and  other  chlorids.  The  bromin  occurs  in  the  form  of 
sodium  and  magnesium  bromid;  the  iodin  in  the  form  of  magnesium 
iodid,  calcium  iodid  and  sodium  iodid.  These  waters  exert  a  special  effect 
upon  the  lymphatic  system  and  hasten  absorption.  They  are  of  value  in 
syphilis  and  diseases  of  the  glands,  as  in  goiter. 

Lithium  is  often  present  in  the  simple  sodium  chlorid  waters  and  is 
thought  to  be  valuable  in  dissolving  uric  acid.  It  is  questionable  if  such 
action  occurs,  yet  these  waters  are  markedly  diuretic.  Saline  waters  with 
a  large  percentage  of  lithium  are  useful  in  the  treatment  of  gout,  renal 
and  urinary  concretions.  These  mineral  waters  are  useful  in  the  so-called 
uric  acid  diathesis,  gouty  rheumatism,  whether  involving  the  joints  or 
other  parts,  in  gravel,  stone  and  obesity,  in  fact  in  any  condition  due  to 
defective  metabolism.  They  have  proved  beneficial  in  numerous  affec- 
tions, neurasthenia,  neuralgia,  sciatica,  chorea  and  paralysis ;  in  blood 
poisoning,  as  by  lead  or  mercury;  in  syphilis  and  in  chronic  skin  dis- 
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eases.  The  waters  of  !N'auheim  are  much  used  in  cardiac  disease.  The 
beneficial  action  of  these  waters  is  in  great  part  due  to  their  sodium 
chlorid  content,  although  the  effects  of  artificial  solutions  are  inferior  to 
those  of  the  natural  waters.  The  latter  contain  combinations  of  chlorids 
of  the  alkaline  earths,  and  in  some  of  them  are  large  percentages  of 
bromin  and  iodin;  lithium,  strontium  and  iron  are  found  in  others.  The 
beneficial  action  of  chlorids  when  ingested  consists  largely  in  the  aid 
they  render  in  the  digestion  of  albumin  and  starch.  They  also  induce  a 
free,  normal  action  of  the  alimentary  mucous  membrane;  their  absorp- 
tion takes  place  quickly;  they  give  the  blood  some  of  its  most  essential 
constituents,  and  by  means  of  the  circulation  they  are  supplied  to  all  of 
the  body  tissues  and  secreting  organs.  These  properties  make  them  use- 
ful in  various  types  of  dyspepsia  in  which  secretion  is  abnormal,  in 
torpidity  of  the  liver  and  bowels,  and  in  many  conditions  in  which  chronic 
inflammatory  exudations  exist. 

Some  of  the  more  important  American  saline  waters  with  analysis  will 
be  found  in  Table  IV(4) : 

Thermal  saline  waters  come  gushing  from  the  earth  well  heated,  and 
are  believed,  by  many  persons,  to  possess  special  properties.  Besides  their 
internal  use,  most  of  the  saline  waters  are  used  for  baths,  inhalations, 
sprays  and  douches,  especially  the  thermal  waters.  Robin(5)  names  the 
conditions  in  which  brine  baths  are  useful,  as:  (a)  in  all  abnormal  con- 
ditions in  which  nitrogenous  excretion  or  nitrogenous  exchange  in  the 
organism  is  decreased;  (h)  in  conditions  in  which  nitrogenous  oxidation 
is  diminishing;  (c)  and  finally  in  conditions  in  which 'tissues  rich  in 
nitrogen  and  phosphorus  are  wasting.  The  effects  of  these  baths  vary 
with  their  strength.  Baths  of  three-quarter  strength  are  most  beneficial 
when  an  increase  of  nitrogenous  exchange  or  oxidation  is  not  desirable, 
as  in  individuals  who  are  losing  weight,  but  this  type  of  bath  has  little 
influence  over  chronic  bone  affections.  Baths  of  half  strength  are  of  use 
in  conditions  in  which  nitrogenous  exchange  is  decreased,  as  in  strumous 
states,  affections  of  the  glands,  and  disorders  of  the  joints  and  bones. 
Baths  of  full  strength  have  a  marked  effect  on  organic  changes,  and  so 
are  valuable  in  rickets  and  other  bone  affections ;  in  some  nervous  affec- 
tions, in  anemia  and  in  auto-intoxications.  By  them  the  production  of 
urea  is  diminished,  but  since  they  cause  the  oxidation  of  products  of 
imperfect  combustion  and  poisonous  waste  matters  they  are  valuable  in 
conditions  of  obesity,  gout  and  the  like.  There  has  been  lively  conten- 
tion as  to  whether  waters  containing  mineral  salts  when  used  for  bathing 
produce  more  beneficial  effects  than  ordinary  water  used  for  the  same 
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purpose.  The  accumulated  experience  of  years  points  to  the  superiority 
of  the  mineral  baths,  for  it  has  been  demonstrated  that  fine  crystals  of 
these  salts  left  on  the  skin  after  the  bath  continue,  their  beneficial  influence. 
(d)  Chalybeate  and  Ferriiginous  Waters. — Chalybeate  and  fer- 
ruginous waters  contain  large  proportions  of  iron;  they  are  divided  into 
carbonated  iron  waters,  sulphated  iron  waters,  iron  and  arsenic  waters. 
The  waters  containing  carbonate  of  iron  also  contain  large  quantities  of 
carbon  dioxid.  These  waters  increase  the  number  of  the  red  blood-cells 
and  the  amount  of  hemoglobin.  They  stimulate  the  appetite,  but  are 
prone  to  produce  constipation.  They  are  indicated  in  chlorosis  and  in 
anemia. 

Sulphated  iron  waters  contain  large  percentages  of  ferrous  sulphate, 
and  in  addition  to  the  sulphate  of  sodium,  magnesium  and  calcium  sul- 
phate. Many  of  these  waters  also  contain  arsenic,  alum  and  sulphuric 
acid  in  small  amounts.  These  waters  are  indicated  in  cases  of  chronic 
diarrhea,  in  anemic  children,  in  chronic  gastric  conditions,  in  ulcer  of  the 
stomach  and  in  chronic  malarial  poisoning.  They  should  be  prescribed 
with  caution  as  they  are  prone  to  produce  indigestion  and  nausea.  Sul- 
phated iron  waters  are  best  taken  in  small  doses. 

The  iron  and  arsenic  waters  contain  considerable  quantities  of  arsenic 
in  addition  to  iron ;  they  are  indicated  in  chlorotic  and  anemic  conditions, 
in  chronic  malaria  and  in  neuralgias.  They  also  serve  as  tonics  for  the 
blood  and  nerves,  but  if  given  over  too  long  a  period  of  time  they  may 
cause  dyspepsia.  The  indications  for  the  use  of  these  waters  are  the  same 
as  for  iron  in  other  forms — debility,  anemia,  chlorosis  and  other  states 
of  the  blood  in  which  the  cells  are  defective  in  quantity  or  quality,  as  for 
instance  in  diseases  of  the  female  generative  organs. 

Some  of  this  class  of  waters  also  contain  the  sulphates  of  soda  and 
magnesia,  called  the  purgative  chalybeate  waters.  These  waters  are 
employed  in  diseases  that  have  shown  the  beneficial  infiuence  of  bitter 
purgative  waters.  Waters  containing  alum  are  very  useful  in  the  treat- 
ment of  chronic  catarrh  of  stomach  and  intestines,  particularly  when 
diarrhea  is  present.  The  alkaline  chalybeate  waters  are  beneficial  in 
disorders  of  stomach  and  intestines,  in  diabetes,  Bright's  disease,  renal 
stone,  and  gravel ;  also  in  certain  diseases  of  the  nervous  system,  as 
hysteria,  chorea  and  epilepsy.  Saline  chalybeates,  including  the  Hom- 
burg  waters,  having  tonic  and  laxative  properties,  are  of  value  in  slug- 
gishness of  liver  and  intestines ;  in  gallstones,  hepatic  congestion,  hemor- 
rhoids, plethora  and  conditions  favored  by  a  life  of  luxury.     Kreuznach 
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water  and  others  containing  large  amounts  of  chlorids  are  of  use  in 
lymphatic  disorders,  tul)ercular  aflfections  of  glands,  joints  and  bones; 
in  diseases  of  the  nervous  system,  including  paralysis,  and  in  rheumatic 
and  gouty  conditions. 

In  addition  to  the  ferruginous  waters  given  in  Table  V  (Tibbies),  we 
enumerate  below  other  American  waters  containing  from  21  to  25  grains 
of  snli)liate  of  iron  to  the  gallon: 


AMERICAN   FERRUGINOUS   WATERS 

Spring  Locality  State 

Kittanning  Springs Armstrong Peniwylvania 

Alum  Springs Bath  County Virginia 

Alum  Springs Bedford  County 

London  Alum  Water Campbell  County " 


Other  American  waters  containing  oxid  of  iron  are : 

Spring  Grains  Locality  State 

Congress  Spring 15 .  . .  Santa  Clara  County . .  California 

River  Spring 4 .  . .  Este's  Park Colorado 

Oswassee  Spring 12 .  . .  Shiawassee Michigan 

Arien  Spring 5 .  . .  Jackson  County Missouri 

Richfield  Spring 5 .  . .  Otsego  County New  York 

Stryker's  Spring 10 Ohio 

Cresson  Iron  Spring 29.  .  .Cambria  County Pennsylvania 

Thorpe's  Spring 40.  .  .Hood's  County Texas 

Rock  Enon  Spring 14 .  . .  Frederick  County Virginia 


(e)  Sulphurous  Waters. — Sulphurous  waters (6)  contain  hydrogen 
sulphid  or  some  other  sulphur  compound  such  as  sodium,  calcium,  mag- 
nesium or  potassium  sulphid.  The  sulphurous  waters  are  obtained  both 
hot  and  cold ;  they  are  especially  useful  in  the  treatment  of  syphilis  and 
chronic  lead-poisoning,  in  hemorrhoidal  conditions  and  congestions  of  the 
liver.  They  are  also  beneficial  in  many  chronic  skin  diseases,  blood 
poisons,  nervous  diseases,  chorea,  tuberculosis,  glandular  affections  of  chil- 
dren and  tuberculous  diseases  of  bones  and  joints,  uterine  ailments  and 
in  respiratory  diseases.  They  are  of  value  in  atonic  dyspepsia,  catarrh 
of  the  stomach  and  hepatic  congestion.  As  a  bath  or  douche,  these  waters 
are  exceedingly  valuable  in  chronic  skin  diseases,  rheumatism,  enlarged 
or  stiffened  joints,  contracted  tendons  or  muscles. 
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The  most  renowned  sulphuretted  waters  in  the  United  States  are  found 
as  follows: 

Spring  Localitv  State 

Valhemosa  Spring . .  Alabama 

Hot  SpriiiRs Garland  County Arkanaaa 

Hot  Sulphur  Springs * 

Nysa  Springs .('ttlifomia 

Pasa  Robels  Hot  Springs " 

St.  Helena  White  Sulphur  Springs . .         " 

Manley  Springs . .  North  Carolina 

Shorio  Springs . .       «♦  " 

Glenn's  Springs South        " 

Canon  Springs ('olorado 

Pogassa  Hot  Springs " 

Portea  Springs ** 

Bladon  Springs .  Florida 

Indian  Springs Georgia 

French  Lick  Spring Orange  County Indiana 

Indian  Springs " 

Lodi  Artesian  Springs " 

West  Baden  Springs " 

Blue  Lick  Springs Kentucky 

Dremion  Springs ** 

Olympian  Springs " 

De  Soto  Springs Louisiana 

White  Sulphur  Springs " 

Alpena  Springs Michigan 

Ypsilanti  Springs ** 

Motesano  Springs Missouri 

St.  Louis  Springs •* 

Sweet  Springs " 

White  Sulphur  Springs Montana 

Las  Vegas  Springs New  Mexico 

Avon  Spring Livingstone New  York 

Balston " 

Longman's  Well Rochester "        " 

Richfield  Springs "         " 

Saratoga  Springs **         " 

Sharon  Springs **         " 

Delaware  Sulphur  Spring ' Ohio 

Deschutes  Spring Wasco  County Oregon 

.  Carhsle  Spring Pennsylvania 

Minnequa  Spring ** 

Hagers  Spring Tennessee 

Castihan  Springs Sumner  County ^     * 

Highdate  Springs Vermont 

Missequoi  Springs ** 

Sheldon ** 

Hot  Springs Bath  County Virginia 

Hot  Sulphur  Springs " 

Buffalo  Springs Mecklenburgh  County      " 

Sulphur  Springs Monroe  County " 

(/)  Calcic  Waters. — Calcic  waters  are  characterized  by  the  pres- 
ence of  large  amounts  of  calcium  and  mag^^esium  salts.  They  diminish 
the  production  of  acid  in  the  stomach  and  also  lessen  the  secretion  of  the 
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respiratory,  digestive  and  urinary  tracts.  They  are  indicated  especially 
in  chronic  catarrh  of  the  urinary  organs,  in  uric  acid  diathesis,  gout, 
glandular  tuberculosis  and  rachitis.  These  waters  should  be  prescribed 
at  first  in  small  quantities  and  gradually  increased  until  the  flow  of  urine 
is  markedly  increased. 

The  principal  calcic  waters  are: 

Spring  State 

Bethesda  Spring Wisconsin 

Birchdale  Spring Vermont 

Butterworth  Spring Michigan 

Clarendon  Spring Vermont 

Eaton  Rapids  Spring   Michigan 

Gettysburg  Spring Pennsylvania 

Hubbardstown  Spring Michigan 

Silurian  Spring Wisconsin 

The  chemical  composition  of  the  most  important  calcic  mineral  waters 
is  as  follows(6) : 

CHEMICAL  COMPOSITION  OF  CALCIC  WATERS 


Spring 


Alleghany  Springs 

Allouez  Mineral  Springs 

Arkansas  Hot  Springs 

Bath 

Bedford  Springs  (Magnesia  Springs) 

Clifton  Springs 

Contrexeville 

Driburg 

Eaton  Rapid  Wells 

Greenbrier  White  Sulphur  Springs . 

Inselbad 

Leukerbad 

Lippsprings 

Manitou  Springs , 

Marienbad  Rudolfsquelle 

Old  Sweet  Springs 

Szkleno 

Warm  Sulphur  Springs 

Weissenburg 

Wildungen 


Calcium 
Sulphate 


Grams 
1.80 
1.80 
1.80 
1.50 
1.84 
1.18 
1.10 
1.04 
0.77-0.94 
1.33 

1.42 
0.82 
0.82 
0.82 
0.22 
0.22 
0.24 
0.24 
2.00 


Calcium 
Bicarbonate 


Grams 

0.42 
0.42 
0.42 
0.42 
0.42 
0.45 
1.44 
1.44 
1.44 
0.30 
0.09 
0.41 
0.41 
0.60 
0.60 
0.10 
0.10 
1.27 
1.27 


Calcium 
Carbonate 


Grams 

0.06 

0.47 

0.12 

0.12 

0.12 

0.16 

0.16 

0.16 
0.34-0.78 

0.12 

0.12   • 

0.12 

0.12 
0.40-1.11 
0.40-1.11 

0.51 

0.51 

0.08 

0.08 

0.08 


(g)   Thermal  Waters. — The  principal  thermal  springs  in  the  United 
States  are  in  Arizona,  Arkansas,  California,  Colorado,  Idaho,  Michigan, 
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Kew  Mexico,  Oregon,  Utah  and  Virginia;  many  of  them  have  alreai^y 
been  particularly  mentioned.  Some  of  these  springs  flow  from  the  earth 
in  the  neighborhood  of  old  extinct  volcanoes;  their  temperature  is  very 
great,  from  150°  F.  to  105°  F.  These  waters  do  not,  however,  contain 
any  active  mineral  ingredients.  They  are  rarely  used  for  drinking  pur- 
poses, but  are  used  mainly  for  thermal  baths.  The  places  where  these 
springs  are  located  are  important  watering  places  where  baths  of  the  most 
luxurious  and  elaborate  description  are  provided.  The  waters  are  used  in 
every  conceivable  form  for  therapeutic  purposes.  Great  curative  powers 
are  claimed  for  these  waters  in  gout  and  rheumatism  in  the  joints  and 
elsewhere;  in  nervous  disorders,  as  in  neurasthenia,  sciatica,  paralysis;  in 
spinal  disorders  and  chronic  diseases  of  bones  and  joints.  The  treatment 
is  aided  by  climatology,  trophotherapy,  thermotherapy,  electrotherapy, 
massage,  Swedish  and  other  g;)'mnastic  movements. 

Mud  Baths. — At  some  of  the  watering  places,  mud  baths  are  very 
popular.  They  are  prepared  by  mixing  well  seasoned  earth  containing 
more  or  less  of  the  mineral  substances  which  make  the  water  of  medicinal 
value.  Slime  baths  consist  of  the  mud  from  the  bottom  of  a  pond  or 
river,  which  is  rubbed  over  the  body  before  bathing.  Each  of  these 
methods  is  supposed  to  accentuate  the  action  of  the  water  in  certain  cases. 
Mud  baths  are  claimed  to  be  useful  in  chronic  rheumatism,  gout  and  the 
various  uterine  ailments  of  women.  They  are  contra-indicated  in  valvu- 
lar diseases  of  the  heart  and  chronic  Bright's  disease.  Carbonic  acid 
baths  are  indicated  in  neurasthenia,  diseases  of  the  reproductive  organs 
and  sexual  impotency.  The  principal  thermal  waters  in  the  United 
States  are  to  be  found  in  the  following  locations:  Arkansas,  Arizona, 
California,  (Buncombe  County)  North  Carolina,  (Charleston  Artesian) 
South  Carolina,  Colorado,  (Merriweather)  Georgia,  Idaho,  Michigan, 
(Volcano)  Nebraska,  New  Mexico,  Oregon,  Utah,  Virginia  and  West 
Virginia. 

WATER  CURES.— In  order  to  obtain  the  best  results  from  water  cures, 
they  should  always  be  carried  out  at  the  resorts.  Under  exceptional  cir- 
cumstances a  water  cure  may  be  ordered  at  the  patient's  home,  but  the 
results  are  never  quite  so  satisfactory  as  when  the  patient  goes  to  a  water- 
ing place.  For  not  only  will  he  have  the  advantage  of  the  baths  and  water 
at  the  springs,  but  also  in.  addition,  the  value  of  the  change  of  climate, 
scene,  plenty  of  outdoor  exercise  and  freedom  from  care  and  worry. 

The  methods  and  the  diet  at  the  diiferent  institutions  vary  greatly  and 
for  the  most  part  unnecessarily  so.  In  many  of  these  watering  places 
methods  are  empiric  and  are  not  founded  on  any  sound  basis.     Certain 
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foods  are  forbidden  for  the  most  fanciful  reasons.  Again,  the  routine 
and  diet  at  many  resorts  are  alike  for  all  patients,  regardless  of  their 
ailments.  An  important  factor  overlooked  at  these  water-cure  resorts  is 
the  abuse  of  drinking  water.  Patients  with  weak  hearts,  chronic  nephritis 
or  those  suffering  from  atony  or  dilatation  of  the  stomach  may  take  a 
considerable  amount  of  water  without  overtaxing  the  excretory  organs. 

For  instructions  as  to  diet  in  the  various  diseases,  the  reader  will  be 
referred  to  Volume  III  of  this  work. 

Water  Drinking^. — Hav/k(7),  in  a  series  of  beautiful  and  convincing 
experiments,  arrived  at  the  conclusion  that  copious  water  drinking  caused 
an  increased  excretion  of  nitrogen  and  phosphorus  in  the  urine.  The  in- 
crease in  the  amount  of  nitrogen  eliminated  is  due,  primarily,  to  the 
washing  out  from  the  tissues  of  the  urea  the  nitrogen  previously  formed, 
but  not  removed  by  the  normal  processes,  and  secondarily,  to  a  stimulation 
of  the  protein  catabolism.  The  increase  in  the  excretion  of  phosphorus 
is  due  to  increased  cellular  activity  and  the  accompanying  catabolism 
of  nucleins,  lecithins  and  other  phosphorus-containing  bodies. 

Strauss (8)  says  that  increased  supply  of  liquids  increases  the  excre- 
tion of  the  products  of  protein  metabolism,  but  does  not  hasten  the  metab- 
olism itself.  The  excretion  of  liquids  is  accompanied  by  loss  of  body 
weight  dependent  on  removal  of  nitrogen  waste,  but  not  on  loss  of  fat. 

WATER  DRINKING  AT  MEALS.— Fowler  and  Hawk (9),  continuing 
their  studies  on  water  drinking  in  the  human  subject,  investigated  the 
effect  of  the  copious  ingestion  of  water  with  meals.  The  subject  of  the 
experiment  was  placed  on  a  normal,  constant  diet  and  by  means  of  a  pre- 
liminary period  of  sufficient  length,  was  brought  to  a  condition  of  ap- 
proximate nitrogen  equilibrium.  At  this  point  one  thousand  cubic 
centimeters  of  water  were  added  to  each  meal  and  continued  thus  through 
a  period  of  ^Ye  days.  Immediately  following  this  period  came  a  final 
period  of  eight  days,  during  which  the  original  normal  constant  diet  was 
again  maintained  and  the  after-effects  of  the  copious  water  ingestion  ob- 
served. 

Final  Conclusions. — In  view  of  their  experiments,  they  regard  the 
current  statements  respecting  the  exceedingly  harmful  influence  of  water 
drinking  with  meals  as  misleading  and  arrive  at  the  following  conclu- 
sions : 

The  daily  drinking  of  three  liters  of  water  with  meals,  for  a  period  of  five  days, 
by  a  man  twenty-two  years  of  age,  who  was  in  a  condition  of  nitrogen  equilibrium 
through  the  ingestion  of  a  uniform  diet,  produced  the  following  findings: 

1.  An  increase  in  body  weight,  aggregatmg  two  pounds  in  five  days. 
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2.  An  increased  secretion  of  urinary  nitrogen;  with  excess  nitrogen  being  mainly 

in  the  form  of  urea,  ammonia,  and  croatin. 

3.  A  decreased  excretion  of  creatinin  anti  the  coincident  appearance  of  creatin 
in  tlie  urine.  The  decn»a.sed  creatinin  output  in  In'Iieved  to  indicate  that  the  copious 
water  drinking  hiis  stimuhitcd  protein  icatabolism.  The  appearance  of  creatin  is 
considered  evidence  tliat  the  wat(»r  haa  (;auHed  a  partial  miwcuiar  diMinU'gration 
resulting  in  the  releiuse  of  creatin,  but  not  profound  (?nough  to  yield  the  total  nitrog«'n 
content  of  the  muscle.  The  output  of  (;reatin  is,  therefore,  out  of  all  proportion  to 
the  increase  of  the  excretion  of  total  nitrogen. 

4.  An  increiised  output  of  aminoniM.  which  is  interpreU^d  an  indi'-atifjg  an  inrrca.'<4'<l 
output  of  gastric  juice. 

5.  A  decreai^ed  excretion  of  fecc's  and  of  fecal  nitrogen,  the  (hKrcjw  in  th<*  <'X<n»- 
tion  of  fecal  nitrogen  being  of  sufficient  magnitutle  to  .secure  a  lowered  excretion  of 
both  the  bacterial  and  the  non-bacterial  nitrogen. 

6.  A  decrease  in  the  quantity  of  bacteria  excreted  daily. 

7.  An  uicrease  in  the  percentage  of  total  nitrogen  appearing  as  bacterial  nitrogen. 

8.  A  lower  creatinin  coefficient. 

9.  A  more  economical  utilization  of  the  protein  constituents  of  the  diet. 

10.  The  general  conclusion  to  be  reached  as  the  result  of  this  experiment  is  to  the 
effect  that  the  drinking  of  a  large  amount  of  water  with  meals  was  attended  by  many 
desirable  and  by  no  undesirable  features. 

BEVERAGES 

In  addition  to  water,  there  are  a  number  of  beverages  that  serve  not 
only  to  meet  the  physical  needs  of  the  human  economy,  but  are  also  taken 
for  their  stimulating  effect.  These  beverages  afford  the  stimulation  which 
is  necessary  in  certain  diseased  conditions  and  at  the  same  time  take  the 
place  of  water  as  a  beverage.  The  habit  of  imbibing  socially  for  the  pur- 
pose of  conviviality  unfortunately  leads  sometimes  to  the  pernicious  habit 
of  taking  such  drinks  to  excess. 

From  time  immemorial,  the  ingenuity  of  man  has  supplied  mildly 
stimulating  non-intoxicating  beverages  from  various  vegetable  substances. 
It  is  somewhat  surprising  that  people  of  different  nationalities,  living  at 
different  epochs  in  and  under  widely  different  conditions  of  civilization, 
should  have  felt  the  necessity  for,  and  appreciated  the  satisfaction  to  be 
derived  from,  the  use  of  this  class  of  beverages.  It  is  even  more  remark- 
able that  in  the  beginning  they  should  have  selected  the  plants  for  making 
them  that  continue  in  use  for  the  same  purpose  tMay. 

The  all  important  constituent  contained  in  these  beverages  is  an  alka- 
loid, a  nitrogenous  substance  containing  stimulating  properties.  Tea,  cof- 
fee and  cocoa  contain,  besides  this  alkaloid,  a  volatile  oil  which  imparts 
an  agreeable  odor  and  taste  to  the  beverage  and  a  considerable  amount 
of  an  astringent  principle  related  to  tannin,  which  modifies  the  taste  be- 
sides exerting  its  specific  physiological  action.     Before  describing  these 
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beverages,  it  will  be  instructive  to  review  briefly  the  History,  mode  of 
manufacture  and  chemistry  of  each  of  them,  then  to  consider  their  uses 
in  the  diet  and  their  action  on  digestion  as  a  whole. 

Varieties  of  Beverages — tea.— Tea,  the  leaves  of  Thea  Sinensis,  a 
subtropical  plant  introduced  into  Europe  by  the  Dutch  East  India  Com- 
pany, is  believed  to  have  had  its  origin  in  Assam  and  Burmah.  The  plant 
grows  wild  in  the  mountainous  regions  which  separate  India  from  China. 
There  are  authorities  who  allege  that  tea  was  grown  in  China  before  519 
A.  D.  Reliable  authorities  state  that  tea  was  introduced  into  Japan  in 
the  thirteenth  century.  Mr.  Pepys,  writing  in  his  diary  in  1660,  says, 
"I  sent  for  a  cup  of  tea,  a  China  drink,  of  which  I  had  never  drunk  be- 
fore." In  1664  the  East  India  Company  considered  a  gift  of  two  pounds 
of  tea  to  the  Queen  of  England  a  rare  gift.  A  tea  house  was  established 
in  London  in  1657  that  sold  tea  at  fifty  dollars  per  pound.  Besides 
China,  Japan  and  Assam,  tea  is  grown  in  Ceylon,  Java  and  Brazil  and 
for  the  past  ten  years  tea  has  been  successfully  grown  in  South  Carolina. 
The  plant  grows  best  in  sub-tropical  countries  where  the  rainfall  is  at 
least  sixty  inches  or  more. 

The  tea  plant  when  cultivated  grows  to  the  height  of  three  or  four 
feet,  but  if  allowed  to  grow  without  pruning,  it  may  attain  a  height  of 
forty  or  fifty  feet.  The  plants  are  obtained  from  seeds  and  when  planted 
in  rows  four  feet  apart  and  four  feet  distant,  attain  in  two  years  a  height 
of  two  feet.  They  are  cut  back  to  ten  inches  high  and  after  another  year 
back  to  fifteen  inches  high.  At  three  years  the  mature  tree  includes  a 
great  number  of  young  shoots  three  feet  in  height.  The  plant  flushes 
or  sends  out  shoots  four  times  a  year,  when  the  young  leaves  are  ready 
to  pick.  The  leaves  are  picked  irregularly;  some  farms  pick  every  fort- 
night, others  only  twenty  times  per  year.  They  are  carefully  picked  with 
the  thumb  and  forefinger.  One  hundred  pounds  of  fresh  leaves  yield 
about  twenty-five  pounds  of  tea. 

Green  and  Black  Tea. — Tea  is  not  green  or  black  according  to  sepa- 
rate species  of  tea  plant,  but  derives  its  color  from  the  difference  in  mode 
of  treatment  of  the  same  plant.  Green  tea  is  made  in  Japan  by  steaming 
the  leaves  before  they  are  rolled  and  dried,  while  the  Chinese  wither  the 
leaves  in  a  pan  at  the  temperature  of  160°  E.  Black  tea  is  obtained  by 
allowing  the  green  leaves  to  wither  in  the  sun ;  then  they  are  rolled  until 
they  become  soft  and  "mashy,"  the  object  being  to  break  up  the  fibers 
and  cells  of  the  leaf  and  liberate  the  constituents,  so  that  they  may  after- 
wards be  more  easily  extracted.  They  are  then  made  into  balls  and  al- 
lowed to  ferment. 
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The  process  of  fermentation  oxidizes  a  certain  portion  of  the  tannin 
in  the  leaves,  converting  it  into  less  soluble  forms  while  the  essential  oil 
content  is  increased  and  a  certain  amount  of  bitterness  developed.  When 
the  fermentation  is  complete,  the  leaves  are  again  exposed  to  the  sun  and 
dried  in  an  oven.  The  main  difference,  then,  between  green  and  black 
tea  lies  in  the  fact  that  bhick  tea  is  fermented  while  the  green  is  not. 

Quality  of  Tea. — The  quality  of  the  tea  depends  somewhat  upon  the 
age  of  the  leaves  when  picked,  the  younger  leaf  yielding  the  best  tea. 
Apart  from  this  cause  of  variation,  teas  show  marked  difference  in  "body" 
according  to  the  country  and  district  in  which  they  are  produced. 

The  principal  agent  that  imparts  "body"  and  flavor  to  tea  is  oxydase, 
an  enzyme  found  in  the  unopened  tip-leaf  of  the  young  shoot(lO),  which 
diminishes  with  its  growth  and  expansion.  The  proportion  of  this  enzyme 
present  in  a  given  sample  depends  in  a  measure  upon  the  amount  of  phos- 
phates in  the  soil.  The  enzyme  increases  during  the  preparation  of  the 
tea  as  the  leaf  withers.  The  leaves  containing  the  highest  percentage  of 
the  enzyme  make  the  most  highly  flavored  tea. 

China  and  Indian  Teas. — The  most  famous  China  teas  are: 
Congou,  Oolong,  Formosa,  Souchong  and  Bohea  (black  teas) ;  Hyson, 
Twankay  and  Gunpowder  (green  teas).  India  Assam  or  Assam  Pekoe 
are  good  teas.  A  good  blend  is  made  of  China  Assam  and  Ceylon  teas 
together.  China  tea,  such  as  Moning  Congou,  is  very  suitable  for  persons 
with  weak  digestive  organs.  The  Indian  teas,  especially  those  produced 
in  Assam,  are  very  strong.  Their  astringent  properties  make  them  power- 
ful teas,  not  well  suited  for  brewing  alone.  They  are  admirable  for 
blending  with  milder  varieties. 

Composition  of  Black  and  Green  Tea. — The  following  table  from 
Bannister(ll)  gives  the  composition  of  black  and  green  tea: 
ANALYSIS  OF  GREEN  AND  BLACK  TEA 


Constituents 

Water 

CafTein 

Albumin  (insoluble) 

Albumin  (soluble) 

Alcoholic  Extract 

Dextrin 

Pectin  and  Pectin  Acid 

Tannic  Acid 

Chlorophyll  and  Resin 

Cellulose 

Ash 
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It  will  be  observed  in  studying  the  above  analysis  that  tea  contains 
practically  no  nutrient  ingredients.  Its  principal  constituents  are  caffein 
and  tannic  acid.  Its  special  aroma  is  due  to  a  volatile  oil.  Since  tannic 
acid  is  detrimental  to  the  process  of  digestion,  tea  should  be  so  prepared 
as  to  contain  the  smallest  possible  amount  of  tannin  and  the  greatest 
proportion  of  caffein  obtainable. 

Notwithstanding  that  green  and  black  tea  is  produced  from  leaves  from 
the  same  bush,  their  composition,  as  we  have  seen,  is  not  quite  the  same. 
As  previously  stated,  this  difference  arises  from  the  method  of  prepara- 
tion. The  amount  of  tannic  or  gallo-tannic  acid  diminishes  from  13  per 
cent  in  fresh  leaves  to  10  or  11  per  cent  in  green,  and  to  less  than  5  per 
cent  in  black;  there  is  an  increase  in  the  proportion  of  volatile  oil  and 
amido-nitrogen  resulting  from  the  fermentation;  in  the  black  tea. 

These  differences  are  graphically  shown  in  the  following  analyses  by 
Kozai(12): 

COMPOSITION  OF  TEA-LEAVES  BEFORE  AND  AFTER  PREPARATION- 
PERCENTAGES 


Constituents 

Fresh  Leaves 

before 

Treatment 

Made  into 
Green  Tea 

Made  into 
Black  Tea 

Crude  Fiber 

10.44 

37.33 

5.97 

4.11 

.91 

.96 

3.30 

6.49 

27.86 

12.91 

4.97 

50.97 

10.06 

37.43 

5.99 

3.94 

1.13 

.93 

3.20 

5.52 

31.43 

10.64 

4.92 

53.74 

10  07 

Crude  Protein  (N  x  6.25) 

39  90 

Total  Nitrogen. 

6  22 

Albuminoid  Nitrogen 

4  11 

Amido  Nitrogen 

1  16 

Caffein  Nitrogen • . . . 

96 

Caffein  (thein) 

3  30 

Ethereal  Extract 

5  82 

Other  Nitrogen-free  Extract 

Gallo  Tannic  Acid 

35.39 
4  89 

Ash 

4  93 

Soluble  in  Hot  Water 

47  2a 

The  composition  of  a  cup  of  tea  is  of  far  greater  practical  impor- 
tance than  the  leaves  from  which  it  is  made.  In  ^^drawing''  a  cup  of  tea, 
if  prolonged  heat  is  used,  the  percentage  of  tannic  acid  will  be  greater. 
Tea  leaves  should  therefore  be  in  contact  with  the  hot  water  only  just  long 
enough  to  extract  the  volatile  oil  and  some  of  the  caffein.  If  tea  is  in- 
fused in  the  usual  way,  about  25  per  cent  of  the  leaf  goes  into  solution. 
The  caffein  content  is  so  soluble  that  it  is  all  practically  dissolved  out 
immediately  the  infusion  is  begim,  which  is  not  the  case  with  tannic  acid. 
There  is  much  less  tannic  acid  after  infusing  five  minutes  than  after 
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infusing  fifteen   minutes.      The   following  experiment  by    Hughe8(13) 
bears  this  out : 

Five^finutcs'  Tliirty  Minutes* 

Infusion  Infusion 

Assam 10.35  per  cent  14.70  per  cent 

Ceylon    8.00     "       "  10.88     "       " 

China     7.80     "       "  9.40     "       " 

Hutchison  conducted  a  number  of  experiments  to  determine  the  quan- 
tity of  cafFein  and  tannic  acid  in  an  ordinary  cup  of  tea  drawn  or  in- 
fused in  the  usual  way  and  arrived  at  the  following  conclusions: 

CAFFEIN  IN  TEAS » 


Tea 

CafTein  in 

Grammes 

per  150  c.c. 

Grains 
Teacup 

Ceylon  Pekoe , 

Fine  Darjeeling 

Common  Congou  .                 

0.0787 
0.0751 
0.0745 
0.0645 
0.0590 
0.0580 
0.0547 
0.0510 
0.0475 

1.21 
1.05 
1  14 

Mojoine  Gunpowder  (green) 

Imoerial  Gunoowder. .        

0.99 
090 

Household  Blend 

0.89 

Younff  Hvson                

084 

Fine  Moning 

0.78 

Fine  Assam 

0.73 

TANNIN  IN  TEAS' 


Tea 

Tannin  as  Gallo- 

tannic  Acid  per 

150  c.c.  of  Infusion 

Grains 
Teacup 

Movune  Gunoowder 

0.273 
0.242 
0.227 
0.173 
0.168 
0.168 
0.142 
0.087 
0.080 
0.058 

4.20 

Younff  Hvson 

3.72 

Tmnerial  Gunoowder 

3.49 

Ordinarv  Blark  Blend     .        . 

2.66 

Finp  Darieeline          

2.58 

Onod  Rlflok  Blend              

2.58 

Cevlon  Pekoe                

2.18 

Tiarmpnp"  Soiiohonff            

1.33 

1.23 

Finp  IVfoninff                    

0.89 

1  Eight  grams  of  dry  leaf  were  infused  with   300  c.c.  boiling  water  for  five  min- 
utes.    The   caffein   was  estimated   by  Allen's  method. 

2  Eight  grams  of  the  dry  leaf  were  infused  for  five  minutes  in  300  c.c.  of  water, 
and  the  tannin  estimated  by  Procter's  modification   of  Lowentbal's   process. 
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Proper  Method  of  Infusing  Tea. — In  spite  of  the  popularity  of  tea 
as  a  beverage,  it  is  comparatively  rare  to  get  a  really  good  cup  of  tea.  For 
this  reason  it  is  thought  well  to  give  some  suggestions  for  the  proper 
method  of  infusing  tea,  based  on  the  facts  as  to  its  chemistry  which  we 
have  just  been  considering. 

The  first  point  in  "drawing"  a  cup  of  good  tea  is,  it  should  be  m- 
fused,  not  boiled  or  stewed,  as  is  often  the  case.  The  water  is  of  prime 
importance ;  it  should  not  be  too  hard,  as  the  presence  of  lime  salts  will 
interfere  with  the  extraction  of  certain  constituents  of  the  tea  leaf.  If 
the  water  is  hard,  add  a  pinch  of  bicarbonate  of  sodium  to  the  teapot. 
On  the  other  hand,  water  which  is  too  soft  seems  to  extract  an  excess  of 
the  bitter  principle  from  the  leaf. 

The  Chinese  rule  is,  "Take  the  water  from  a  running  stream;  that 
from  the  hill  springs  is  best,  river  water  is  the  next  and  well  water  is 
the  worst  of  all."  The  point  to  be  emphasized  is  that  the  water  should 
be  aerated.  Prolonged  boiling  drives  out  the  dissolved  air  and  leaves  the 
liquid  flat.  Therefore,  the  water  should  have  been  barely  brought  to  the 
boiling  point.  It  never  should  be  allowed  to  simmer,  as  with  such  water 
good  tea  can  never  be  made. 

The  quantity  of  tea  to  be  used  is  a  matter  of  great  moment  if  good 
tea  is  desired.  Tea  tasters  recommend  forty-three  grains  of  tea  to  three 
and  one-half  ounces  of  water  as  the  proper  proportions.  The  domestic 
rule  is  two  teaspoonsful  of  tea  to  a  pint  of  boiling  water.  Allow  it  to 
stand  for  five  minutes,  when  it  is  ready  to  pour.  The  above  rules,  if  fol- 
lowed, will  infuse  good  tea  of  sufficient  strength  for  most  persons,  pro- 
vided the  tea  is  of  good  quality.  If  allowed  to  stand  longer,  the  aroma 
is  spoiled;  more  tannin,  as  well  as  other  astringent  principles  and  color- 
ing matter,  is  extracted;  the  infusion  is  made  rough  and  bitter  to  the 
taste  and  unwholesome.  Before  the  tea  leaves  are  placed  in  the  pot,  it 
should  be  scalded  to  insure  the  proper  temperature  of  the  water  when 
ready  to  start  the  infusion. 

Most  Europeans  add  sugar  and  cream  to  the  tea  as  it  is  poured, 
claiming  its  deliciousness  is  increased  thereby.  This  in  the  eyes  of  an 
oriental  connoisseur  would  be  considered  an  outrage.  Such  a  practice  is 
to  be  condemned  on  hygienic  grounds,  as  it  is  known  that  the  albuminous 
matter  of  the  milk  tends  to  throw  down  some  of  the  tannic  acid  of  the 
tea  in  an  insoluble  form.  Sugar,  on  the  other  hand,  does  not  in  any  way 
increase  and  it  may  detract  from  the  healthfulness  of  the  beverage.  It 
does  increase  its  nutritive  value. 


VAIUETIES    OF    BEVERAGES  545 

Amount  of  Tka  Consumed. — It  is  eHtiiimted  that  the  amount  of  tea 
used  in  one  year  per  capita  in  the  United  States  is  one  pound,  while  in 
England  it  is  six  pounds  and  in  Australia  seven  pounds.  The  consump- 
tion of  this  more  or  less  innocrent  stinnilating  leverage  increases  with 
the  world's  population  and  exceeds  2,,'3()(),0()(),()()()  pounds  a  year.  In  the 
year  1912  there  was  imported  into  the  United  States  98,700,241  pounds, 
nearly  one  pound  for  each  inhahitiint.  Tea  tasting  has  become  a  highly 
perfected  art.  Tea  blenders  employ  high-salaried  men  to  determine  the 
liavor,  aroma,  body  and  strength  of  infusions  of  different  varieties  of  tea. 

COFFEE.— Coifee,  the  fruit  of  Coffea  arabica,  natural  order  of  RubiaceWf 
is  a  native  of  Arabia  and  Abyssinia,  but  is  grown  extensively  in  many 
tropical  countries  (14).  Coifee  has  been  used  in  Abyssinia  from  time 
immemorial,  but  as  a  beverage  it  has  been  traced  to  the  Persians,  who 
began  its  use  in  875  a.  d. 

The  genus  coffea  comprises  a  number  of  species,  perhaps  thirty,  but 
the  Coffea  arahica  is  the  variety  most  highly  prized  and  which  possesses 
most  valuable  properties.  The  seeds  of  Coffea  mauritiana,  prepared  in 
the  same  way  as  Coffea  arahica,  are  bitter  and  slightly  emetic 

The  Coffea  arahica  tree,  if  grown  in  a  wild  state,  attains  a  height  of 
fifteen  to  twenty-five  feet,  with  few  branches;  in  cultivation  it  is  seldom 
allowed  to  become  more  than  ten  or  twelve  feet  high  and  is  made  to 
assume  a  sort  of  pyramidal  form,  with  horizontal  branches  almost  from 
the  ground.  The  leaves  are  evergreen  and  leathery;  the  flowers  are 
small,  fragrant  and  snow  white.  The  whole  appearance  of  the  tree  is 
pleasing.  The  fruit,  w^hen  ripe,  is  a  dark,  scarlet  colored,  fleshy  berry 
about  the  size  of  a  cherry,  containing  two  seeds  or  beans  in  each  berry. 
These  seeds,  commonly  termed  "coffee  beans,"  are  horn-like  and  hard. 
A  prolific  bearing  tree  will  usually  produce  a  pound  of  coffee  beans. 

The  coffee  trees  begin  to  bear  when  three  to  five  years  old  and  usually 
produce  good  crops  for  the  next  twenty  years.  They  are  raised  from  seeds 
planted  in  nurseries.  When  eighteen  months  old  the  "^slips"  are  trans- 
ferred to  the  coffee  plantation  in  rows  eight  to  ten  feet  apart  and  the  same 
distance  between.  The  coffee  tree  continues  flowering  for  about  eight 
months  in  the  year,  so  that  its  beans  are  of  uneven  ripeness;  in  Brazil 
and  the  West  Indies  three  gatherings  are  made  annually. 

The  beans  are  placed  on  mats  on  large  floors,  especially  constructed 
for  the  purpose,  where  they  are  dried  by  the  sun's  rays,  being  frequently 
turned  to  permit  the  full  effect  of  the  heat  to  reach  all  sides  of  the  bean. 
When  thoroughly  dried  they  are  passed  between  large  rollers  to  remove 
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the  dried  pulp  of  the  bean  and  the  membrane  which  encloses  the  beans 
themselves,  and  the  coffee  is  afterwards  freed  from  impurities  by  win- 
nowing, filled  into  bags  and  transferred  to  seaports  for  shipment. 

The  kinds  or  varieties  of  coffee  best  known  to  commerce  are  Mocha 
fl*6m  Abyssinia ;  Mysore  from  East  India,  Java  and  Ceylon ;  Jamaica 
flfbm  West  Indies,  St.  Domingo,  Cuba  and  E^ew  Granada.  Brazilian 
<»offee  comes  from  Bio  Janeiro  and  Santos  and  from  Colombia. 

Mocha  Coffee. — The  Mocha  coffee  brews  the  finest  cup  of  coffee  in 
the  world,  but  it  is  a  question  if  the  genuine  Mocha  ever  reaches  either 
the  United  States  or  England.  However,  a  large  amount  of  so-called 
Mocha,  which  is  not  to  be  compared  to  the  genuine  Mocha,  comes  from 
Guatemala  and  other  countries.  Palgrave(15)  says  that  only  a  very  small 
portion  of  the  coffee  grown  in  Arabia  ever  arrives  in  Europe: 

Arabia  itself,  with  Syria  and  Egypt,  consumes  two-thirds  and  the  remainder 
is  absorbed  by  Turkish  and  Armenian  esophagi.  Nor  do  these  last  get  their 
share  of  the  best  or  purest.  Before  reaching  the  harbors  of  Jaffa,  Beyrouth  or 
Alexandria,  the  Mochan  bales  are  opened,  sifted  and  resifted,  even  while  in  tran- 
sit. All  of  the  good  Mocha  coffee  beans  worth  roasting  and  pounding  are  care- 
fully picked  out  by  experienced  fingers.  Only  the  faulty,  flattened,  whitish  beans 
go  abroad  for  shipping.  So  constant  is  this  selecting  process  that  a  gradation  as 
regular  as  the  degrees  on  a  map  may  be  observed  in  Mocha — that  is,  genuine 
Yemen — coffee,  even  within  the  limits  of  Arabia  itself.  As  it  is  transported  from 
mart  to  mart,  it  is  sifted  time  after  time.  As  it  passes  from  hand  to  hand,  the 
genuine  Mocha  is  diminished,  and  substitution  occurs,  until  that  which  actually 
leaves  the  port,  marked  "Mocha,"  for  Europe  and  the  West,  is  often  no  more 
like  the  offspring  of  the  Yemen  plant  than  the  logwood  preparations  of  a  Lon- 
don fourth-rate  wine-seller  resemble  the  pure  libations  of  an  Oporto  vineyard. 

Mysore  Coffee. — The  Mysore  coffee  of  East  India  yields  a  strong, 
clean  liquor  of  fine  flavor.  Much  of  this  grade  also  comes  from  Java  and 
Ceylon.     Speaking  of  the  East  Indian  varieties,  Palgrave  says: 

This  class  supplies  almost  all  the  coffee  drinkers  from  Darfah  to  Basrah  and 
thence  to  Bagdad  and  Mosoul;  Arabs,  Persians,  Turks  and  Kurds  have  no  other 
beverage.  To  one  accustomed  to  what  the  Yemen  supplies,  the  Indian  variety  is 
tolerable,  or  even  agreeable.  But  for  one  freshly  arrived  from  Nejed  or  Kaseem 
it  is  hardly  potable. 


Java  Coffee. — Java  coffee  beans  are  large  and  oblong;  in  color  they 
vary  from  pale  yellow  or  green  to  whitish-grey;  they  produce  a  strong, 
clear  beverage  of  smooth  flavor  and  fair  body. 
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Ceylon  Coffee. — The  Ceylon  plantation  coffee  bean  is  of  a  pale 
greenish  tint  and  yields  a  clear  beverage  full-Havored  with  good  body. 
This  coffee  is  used  largely  for  blending. 

Jamaica  Coffee. — Jamaica  <'offee  from  the  WchI  Indies  lias  a  me- 
dium size  bean  of  a  greyish-blue  color,  with  shades  of  bluish-green,  yel- 
lowish-green, or  even  yellow,  of  various  quality.  The  finest  Jamaica 
Blue  ^lountaiu  coffee  rivals  the  ^fysorc  plantation  product  in  flavor, 
body,  odor  and  agrccableness  of  the  l)cvcrage. 

Brazilian  Coffee. — Brazilian  coffee  from  Rio  Janeiro  and  Santos, 
South  America,  is  often  sold  as  Mocha  and  Java.  It  yields  a  liquor  of 
good  flavor  and  body.     Palgrave  says: 

American  coffee  holds,  in  the  opinion  of  all  orientals,  the  very  last  rank.  The 
deterioration  of  this  product  in  the  New  World  from  what  it  is  in  the  Old  is  no 
less  remarkable  than  that  which  occurs  in  rice  and  tea  and  is  of  an  ambiguous 
character. 

Roasting  of  Coffee. — In  order  to  prepare  a  good  beverage  from 
the  coffee  bean  it  must  first  be  roasted  and,  as  with  tea,  care  is  necessary 
in  the  application  of  the  requisite  heat  to  develop  the  coffee  flavor.  As  a 
preliminary  for  roasting,  all  the  light  materials,  such  as  sticks,  dust  and 
cliaff,  must  be  removed.  After  roasting  the  coffee  is  drawn  upward  by 
a  current  of  air,  leaving  behind  the  heavy  refuse.  The  roasting  may 
be  done  in  a  small  way  in  the  kitchen  with  each  pound  as  purchased,  but 
it  is  more  uniformly  done  on  a  large  scale  by  the  coffee  houses,  by  means 
of  machinery  especially  constructed  for  this  purpose.  This  process  re- 
quires much  skill.  If  insufficiently  roasted,  the  product  will  lack  aroma 
and  flavor,  and  if  it  is  over-roasted,  the  liquor  will  be  bitter  and  acrid. 
The  usual  temperature  for  roasting  coffee  is  just  a  little  above  the  boil- 
ing point  of  water.  However,  each  grade  of  coffee  or  blend  requires  dif- 
ferent treatment.     No  definite  directions  can  be  given  for  the  process. 

During  the  roasting  the  berry  swells  from  the  formation  of  gas  in  the 
interior.  Twelve  to  twenty  per  cent  of  moisture  by  weight  is  driven  off. 
There  is  also  a  loss  of  organic  matter,  including  10  per  cent  of  fat  and 
21  per  cent  of  caffein.  If  the  coffee  is  roasted  too  long,  the  destruction 
of  caffein  is  greater  and  the  liquor  will  have  a  burnt  or  acid  taste,  the 
cellular  elements  containing  albumin  rupture.  Sugar  is  lost  by  transfor- 
mation, and  some  of  the  starch  is  transformed  into  dextrin.  The  aroma  is 
developed  by  the  production  of  caffeol.  Carbonic,  palmitic  and  acetic 
acids  are  driven  off  together  with  pryttol,  hydroquinon  and  methylamin. 
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Composition  of  Coffees. — The  following  table  shows  graphically 
the  composition  of  various  specimens  of  coffee : 

COMPOSITION  OF  COFFEE— PERCENTAGES  (16) 
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4 
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6 

1 
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1 

Gum.  Sugar,  etc 

22.60 

.64 

21.79 

23.10 

29.90 

4.10 

2.13 

.42 

25.30 

1.43 

14.76 

22.70 

33.80 

3.80 

1.87 

.33 

23.80 
1.33 
14.87 
20.90 
36.00 
4.00 

"!27 

27.40 
1.14 
15.97 
20.90 
32.50 
4.50 

"!51 

20.60 
1.18 
21.12 
21.10 
33.00 
4.90 

"!46 

25.80 
.88 
18.80 
20.70 
31.90 
4.30 

"!60 

24.40 

Caffein 

1.01 

Fat 

17.00 

Tannic,  Caffeo-tannic  Acid 
Cellulose 

19.50 
36.40 

Ash 

Potash....... 

Phosphoric  Acid. . .    . 



The  albuminoid,  albumin-proteoses,  fat  and  cellulose  form  the  hard 
portion  of  the  bean  and  together  make  a  total  of  half  its  weight.  The 
mineral  salts  consist  of  potassium  carbonate,  phosphate  and  smaller  quan- 
tities of  magnesium  and  calcium. 

Cajfeone  or  caffeol  (CgHioOa)  imparts  a  characteristic  flavor  and 
aroma  to  roasted  coffee  and  is  its  principal  aromatic  substance.  It  is 
formed  during  the  roasting  process  and  is  a  brown  oily  liquid,  a  single 
drop  of  which  will  fill  a  room  with  the  odor  of  coffee.  A  trace  gives  the 
characteristic  aroma  to  a  quart  of  water.  Being  volatile,  some  of  this 
substance  is  lost  by  over-roasting  the  beans.  Caffein  (C8Hio^402)  is  the 
substance  which  contributes  to  coffee  its  chief  physiological  activity.  It 
acts  on  the  brain  as  a  stimulant  and  is  identical  with  thein  in  tea.  The 
average  proportion  in  all  commercial  varieties  is  only .  one-half  per  cent. 
This  is  only  one-third  of  the  active  principle  contained  in  tea,  but  coffee 
contains  more  body  from  the  presence  of  dextrin,  saccharin  and  coloring 
matters  than  is  contained  in  the  corresponding  infusion  of  tea.  Hutchison 
determined  that  a  cupful  of  good  coffee,  made  from  two  ounces  of  freshly 
roasted  and  ground  coffee  to  a  pint  of  water,  contained  nearly  two  grains 
of  caffein  and  three  and  a  quarter  grains  of  tannin.  He  also  found  a 
cupful  of  tea  to  have  from  0.Y3  to  1.21  grains  of  caffein  and  0.89  to  4.2 
grains  of  tannin.  Therefore,  a  cup  of  cafe  noir  contains  more  caffein 
than  a  cup  of  tea  of  the  same  size,  and  the  caffein  in  a  cup  of  cafe  au  lait 
corresponds  to  the  amount  of  caffein  in  an  ordinary  cup  of  tea. 
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The  table  given  below  from  Hutchison (17)  gives  tlie  composition  of 
coffee  before  and  after  roasting: 

COMPOSITION  OF  RAW  AND  ROASTED  COFFEE 


Mocha 

East  Indian 

Component  Constituents 

Raw 

Roasted 

Raw 

Roasted 

Caflfein 

1.08 
9.55 
8.46 

6.90 

12.60 

9.87 

0.87 

37.95 
3.74 
8.98 

0.82 
0.43 
4.74 

14.14 

13.59 

11.23 

1.24 

48.62 
4.56 
0.63 

1.11 
8.90 
9.58 

4.31 

11.81 

11.23 

0.84 

38.6 
3.98 
9.64 

1  05 

Saccharin  Matter 

041 

Caflfeic  Acids 

4  52 

Alcoholic   Extract    (nitrogenous   and 
coloring  matters) 

12.67 

Fat  and  Oil 

13  41 

Legumin 

13.13 

Dextrin 

1.38 

Cellulose  and  Insoluble  Coloring  Mat- 
ter  

47.42 

Ash 

4.88 

Moisture 

1.13 

Preparation  of  Coffee  for  Drinking. — With  an  understanding 
of  the  production  and  handling  of  the  coifee  bean,  a  knowledge  of  the 
better  varieties  and  the  nature  of  their  chemical  constituents,  it  is  evident 
that  in  the  preparation  of  the  beverage  an  effort  should  be  made  to  retain 
as  much  as  possible  of  the  volatile  oil,  caffein  and  nutrient  constituents 
and  at  the  same  time  to  eliminate  the  tannin. 

There  are  many  methods  of  making  coffee.  We  shall  only  refer  to 
three,  percolation,  infxision  and  decoction.  Coffee  making  is  an  art 
Someone  has  said  the  secret  of  making  good  coffee  is  to  make  it  strong 
and  to  serve  it  hot.  The  author  believes  that  in  this  country  the  failure 
to  have  good  coffee  is  due  to  the  fact  that  not  enough  ground  coffee  is 
used  and  that  it  is  improperly  made.  Two  ounces  to  the  pint  is  the 
smallest  proportion  which  will  produce  anything  like  good  results.  It  is 
also  important  that  the  coffee  should  be  freshly  roasted,  for  its  fragrance 
is  quickly  dissipated  on  keeping.  In  roasting,  if  one  would  secure  the 
best  results,  the  beans  should  be  even  in  size  to  insure  equal  roasting. 
For  this  reason,  blending  should  be  done  after  roasting  and  not  before.  In 
order  to  secure  the  best  coffee  it  should  be  roasted  in  the  home,  ground 
while  still  warm  and  immediately  put  into  the  coffee  pot  Care  should 
be  taken  to  see  that  the  coffee  grinder  is  quite  clean,  for  coffee  left  from 
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a  previous  grinding  may  spoil  the  result.  The  finer  the  coffee  is  ground 
the  better. 

The  water  for  making  coffee  should  be  neither  too  hard  nor  too 
soft.  The  same  general  directions  pertaining  to  water  as  pointed  out 
in  tea  making,  applies  also  to  coffee  making. 

Percolation  is  a  process  in  which  boiling  water  is  poured  over  and 
allowed  to  percolate  through  finely  ground  coffee  which  dissolves  from 
11  to  15  per  cent  of  the  coffee,  instead  of  20  per  cent  as  in  other  methods. 
This  is  the  French  method,  and  many  patterns  of  percolators  have  been 
devised  for  coffee  making. 

The  Vienna  method  of  percolating  coffee  is  a  somewhat  similar  proc- 
ess, except  that  steam  and  hot  water  pass  up  through  the  coffee,  which  is 
held  in  a  strainer  above  the  water.  This  method  produces  a  beverage 
superior  to  the  French  percolated  coffee. 

In  the  Southern  United  States  a  beverage  is  produced  from  coffee 
called  the  southern  drip,  which  is  made  by  packing  finely  ground  coffee 
in  the  top  of  a  French  coffee  pot ;  a  little  boiling  water  is  poured  over 
this  and  percolated  very  slowly  through  the  coffee;  then  a  little  more 
water  is  poured  over  it,  repeating  the  operation  for  five  minutes.  This 
process  gives  a  very  strong  coffee.  The  black  cafe  noir  of  the  French 
is  made  by  the  filtration  method.  Cafe  au  lait  is  made  in  the  same  way 
and  served  with  hot  milk,  usually  three  parts  milk  to  one  of  coffee. 

Infusion  is  the  common  method  of  making  coffee  in  the  United  States 
and  England.  Freshly  roasted,  finely  ground  coffee  is  used  in  the  pro- 
portion of  one  to  two  ounces  to  a  pint  of  water.  The  water  should  not 
be  too  hard.  It  should  be  allowed  to  boil  tumultuously  for  a  moment  or 
two  before  it  is  poured  over  the  coffee.  Then  the  mixture  should  be  al- 
lowed to  boil  for  four  or  five  minutes  and  should  be  served  as  soon  as  the 
grounds  settle.  In  order  to  secure  quick  settling  of  coffee  grounds, 
washed  eggshells  or  little  egg  albumin  may  be  mixed  with  the  coffee  or 
a  little  cold  water  may  be  added  to  the  ground  coffee  before  the  process 
of  infusion  begins. 

If  sugar  and  cream  are  to  be  used,  they  should  be  placed  in  the  cup 
before  the  coffee  is  poured.  If  good  coffee  is  to  be  obtained,  the  pot 
should  be  of  tin  or  aluminium.  This  should  be  scalded  thoroughly  each 
time  before  using  and  the  coffee  poured  into  a  porcelain  or  earthenware 
vessel  as  soon  as  it  is  made.  Coffee  should  never  be  made  in  a  pot  in 
which  the  tin,  from  long  use,  is  corroded.  This  will  injure  the  flavor 
of  the  beverage.  It  has  been  found  that  soft  water  extracts  more  of  the 
constituents  from  the  coffee  bean  than  does  hard  water. 
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Decoction  is  the  method  employed  in  making  Turkish  coffee.  The 
requisite  amount  of  ground  coiTee  is  placed  in  a  small  coffee  pot,  cold 
water  is  added,  and  this  is  brought  to  the  lx)iliiig  point.  It  is  then  imme- 
diately served  without  settling.  The  Turk  takes  his  (5offee  without  sugar 
or  cream,  and  drinks  the  grounds  as  well  as  the  liquid.  This  method  is 
largely  used  in  nuiking  coffee  in  Oriental  countries. 

Adultekation  of  Coffee. — Coffee  is  adulterated  chiefly  with 
chickory,  but  many  other  substances  are  used,  such  as  dandelion  roots, 
acorns,  wheat,  rye,  peas,  beans,  the  seeds  of  lupin,  Kwust  lx?ans,  dates  and 
figs,  also  turnips,  dandelion  cabbages,  burnt  sugar  and  other  coloring 
agents,  none  of  which  are  deleterious  but  are  very  poor  substitutes  for 
coffee. 

Substitutes  for  Coffee. — Many  substances  have  been  used  as  sub- 
stitutes for  coffee.  Sometimes  the  product  offered  consists  wholly  of 
chickory,  or  of  roasted  malt,  or  of  dry  and  roasted  figs.  The  use  of 
roasted  cereals  as  substitutes  for  coffee  is  far  less  common  than  formerly. 

Coffee  Extracts  and  Essences. — Coffee  extracts  and  essences  are 
usually  concentrated  infusions  made  by  digesting  coffee  and  chickory 
with  water  in  a  percolator.  The  liquid  is  evaporated  in  a  vacuum  and 
mixed  with  caramel.  A  common  formula  is  four  parts  of  coffee,  two 
parts  of  chickory  and  one  part  of  caramel.  Coffee  extract  is  a  con- 
venient form  for  the  rapid  preparation  of  the  beverage,  but  as  a  rule 
such  liquors  lack  the  pleasing  aroma  of  good  coffee. 

Annual  Coffee  Crop. — The  annual  coffee  crop  of  the  world  is  about 
1,920,000,000  pounds,  valued  at  over  $200,000,000.  Brazil  alone  pro- 
duces 1,200,000,000  pounds.  The  United  States  is  the  greatest  consumer 
of  coffee  in  the  world;  the  average  consumption  is  about  twelve  pounds 
per  capita  each  year.  In  Holland  the  consumption  is  fourteen  pounds, 
in  Germany  six  pounds,  in  Great  Britain,  Australia  and  Canada  only 
one  pound. 

COCOA.— Cocoa  is  made  from  the  seeds  of  Theohroma  cacao,  natural 
order  of  Sterculiacece.  The  tree  is  a  native  of  tropical  America  and 
grows  principally  in  the  warmer  parts  of  Brazil,  Guiana  and  Central 
America.  There  are  from  fifteen  to  twenty  species  of  the  cacao  tree,  all 
belonging  to  tropical  America.  The  common  cacao  tree  grows  wild  in 
the  valleys  of  the  Amazon  and  Orinoco  rivers.  Some  authorities  allege 
that  both  the  wild  and  cultivated  trees  were  growing  all  over  that  stretch 
of  country  from  Panama  to  Guatemala  at  the  time  of  the  discovery  of 
America. 
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The  knowledge  of  this  tree  was  brought  to  Europe  in  1519  by  Eer- 
nando  Cortez,  who  found  it  growing  in  Mexico,  where  its  cultivation  had 
been  carried  on  for  many  centuries.  The  Mexican  name  for  the  plant 
was  "cacao."  The  name  theobroma  (food  for  the  gods)  was  first  applied 
by  the  botanist  Linnaeus. 

The  cacao  seeds  may  be  sown  in  the  field  or  the  plants  may  be  first 
started  in  the  nursery  and  transplanted  to  the  plantation.  When  the  tree 
is  found  growing  wild  in  the  forest  it  is  usually  in  some  shaded  spot,  and 
in  imitation  of  this  habit,  on  cacao  plantations  the  banana  or  coral  tree 
is  grown  at  the  same  time  to  furnish  shade  and  protection  to  the  cacao. 
The  cacao  tree  begins  bearing  after  the  fifth  or  sixth  year  and  may  con- 
tinue prolific  for  fifty  years.  It  gTows  from  twelve  to  twenty  feet  in 
height,  with  a  trunk  of  five  to  eight  inches  in  diameter.  The  blossoms 
are  borne  not  only  on  the  stems,  but  also  on  the  thicker  branches.  The 
fruit  is  picked  as  it  ripens,  throughout  the  entire  year. 

The  fruit  of  the  cacao  tree  is  a  cucumber-shaped  pod  somewhat  taper- 
ing at  both  ends  and  corrugated  along  the  sides.  It  is  from  seven  to 
twelve  inches  long  and  three  or  more  inches  in  thickness.  It  contains 
a  pulp  in  which  are  embedded  a  number  of  beans  the  size  of  haricot 
beans.  It  is  from  these  beans  that  cocoa  and  chocolate  are  made.  The 
pods  are  removed  from  the  trees  by  the  aid  of  pruning  knives  and  piled 
in  heaps  under  the  trees.  The  cacao  beans  are  placed  on  platforms  in 
the  sun  for  three  or  four  days,  and  are  turned  occasionally  to  insure 
thorough  drying.  They  are  next  transferred  to  the  "sweating  house," 
where  a  kind  of  fermentation  takes  place,  the  temperature  rising  to 
140°  E. ;  next  they  are  placed  in  boxes  or  barrels,  tightly  covered  with 
plantain  leaves  and  stored  in  a  close  room  from  four  to  seven  days.  Here 
the  fermentation  continues  developing  the  aroma  and  flavor  so  highly 
prized  in  chocolate. 

Treatment  of  Cacao  Beans. — ^A  satisfactory  beverage  cannot  be 
made  from  tea  or  coffee  until  they  are  subjected  to  special  forms  or  proc- 
esses of  treatment.  So  it  is  necessary,  in  order  to  prepare  an  inviting 
drink  from  the  cacao  beans,  to  open  up  their  tissues  in  order  to  render 
their  constituents  more  easily  capable  of  emulsion  and  suspension  in 
water  or  milk.  "Soluble  cocoa"  prepared  by  the  Dutch  method  consists 
in  treating  the  powder  from  the  roasted  beans,  either  with  or  without  the 
removal  of  some  of  the  fat,  with  some  alkali  such  as  potassium  or  sodium 
carbonate.  In  the  German  method  ammonia  or  ammonium  carbonate  is 
used.  Treatment  with  an  alkali  is  not  favorably  looked  upon.  The 
United  States  Department  of  Agriculture  considers  the  term  "soluble" 
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as  applied  to  cocoa  so  treated  a  misnomer,  as  ii«»  inorti  of  tlie  c<x!oa  is 
made  soluble  than  by  any  other  process. 

The  fresh  beans  have  a  crimson  color,  a  sonicwliat  oily  and  unpleas- 
ant taste.  The  process  of  fermentation  drives  ull"  some  of  the  moisture 
and  COo;  the  color  changes  from  crimson  to  dark  brown,  and  the  dis- 
agreeable taste  and  bitter  flavor  are  lost  with  the  development  of  the 
aroma  and  flavor  so  hij^lily  prized  by  chwolate  connoisseurs.  The  lx;an4 
are  next  removed  from  the  boxes  or  barrels  and  spread  out  to  be  picked 
over,  to  remove  any  adherent  pulp  or  other  foreign  matter,  then  spread 
out  on  trays  and  covered  with  red  earth  for  a  day  to  complete  the  fer- 
mentation. The  red  earth  absorbs  any  adherent  moisture  and  gives  the 
beans  a  uniform  red  color.  After  the  last  process,  "rubbing,"  they  are 
spread  upon  trays  and  dried  in  the  sun. 

The  next  process  is  roasting,  which  further  develops  the  flavor  and 
removes  the  astringent  taste  and  also  permits  the  ready  removal  of  the 
shells. 

In  the  after  part  of  the  manufacture  of  cocoa,  the  beans  are  roasted 
either  by  direct  heat  over  a  coke  fire,  or  dried  by  the  indirect  heat  of 
superheated  high  pressure  steam;  they  thus  become  hard  and  brittle. 
They  are  next  passed  through  a  machine  which  cracks  the  hard,  thin  skin 
or  husk.  The  latter  is  removed  by  winnowing.  Finally,  they  are  nibbed 
again  and  spread  on  trays  to  dry  in  the  sun,  care  being  exercised  to 
prevent  shriveling. 

The  shells  are  called  "cacao  shells,"  and  in  the  cheaper  shops  a  bever- 
age is  made  from  these  "cacao  shells."  They  contain  very  little  of  the 
cacao  substance  except  the  flavor. 

When  the  beans  are  cracked,  the  germ  is  removed.  The  cracked  or 
broken  bean  is  called  "cacao  nibs."  This  is  the  purest  form  of  cocoa. 
From  these  nibs,  also,  a  beverage  is  produced  by  prolonged  boiling. 

Usually  the  cacao  nibs  are  ground  between  hot  rollers.  The  heat 
breaks  down  the  thin  walled  polygonal  cells,  dissolves  out  some  of  the 
fat  and  reduces  the  mass  to  a  semi-fluid,  pasty  condition.  A  considerable 
part  of  the  fat  is  now  removed  by  hydraulic  pressure ;  the  remainder  of 
the  material  is  run  into  moulds  and  forms  what  is  commercially  known 
as  "flake  cocoa."    This  differs  from  the  cacao  nibs  in  that  it  contains  very 

little  fat. 

Sometimes  the  cocoa  while  fresh  from  the  press  and  in  a  soft  and 
plastic  condition  is  mixed  with  starch  and  sugar  and  is  known,  commer- 
cially as  "Rock  Cocoa."     Of  these  numerous  varieties  of  cocoa  "Caracas 

Cocoa"  is  thought  to  be  the  best. 
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Composition  of  Cocoas. — The  composition  of  the  special  varieties 
of  commercial  cocoas  is  given  in  the  table  below  from  Bell : 

COMPOSITION  OF  COMMERCIAL  COCOAS— PERCENTAGES 


Fresh 

Flake 

Rock 

Prepared 

Cocoa- 

Beans 

Nibs 

Cocoa 

Cocoa 

Cocoa 

tina 

(Shelled) 

Moisture 

7.6 

2.6 

5.5 

2.6 

5.0 

3.5 

Fat 

49.9 

51.8 

28.2 

22.6 

24.9 

24.0 

Added  starch 

nil 

nil 

nil 

17.6 

19.2 

nil 

Added  cane  sugar..  . 

nil 

nil 

nil 

32.2 

23.0 

nil 

Non  fatty  cocoa. .  . . 

42.5 

45.6 

66.3 

24.8 

27.9 

72.5 

It  will  be  observed  that  the  natural  cocoa  bean  contains  from  3G  to  55 
per  cent  of  fat.  A  considerable  part  of  this  is  removed  from  the  prepared 
cocoas,  which  only  retain  from  23  to  33  per  cent  of  fat.  The  nitrogen 
content  in  cocoa  varies  from  1.75  to  2.24  per  cent,  equivalent  of  11  to  14 
per  cent  protein. 

The  proportion  of  theobromin  varies  from  1.0  to  2.65  per  cent  and 
constitutes  a  little  of  the  non-protein  nitrogen.  It  is  the  active  principle 
of  cocoa  and  is  a  dimethylxanthin  (C7H8N402)2^42)-  Its  close  relation 
to  caffein  (CgH,  01^402)  3^402) — a  trimethylxanthin — is  well  known. 
Fifty  per  cent  of  the  nitrogen  content  of  cacao  is  held  to  be  amid  nitro- 
gen and  consequently  not  available  in  nutrition. 

The  following  analyses  of  the  chemical  constituents  of  various  com- 
mercial cocoas  are  given  in  the  table  below  by  Ridenour(18)  : 

COMPOSITION  OF  COMMERCIAL  VARIETIES  OF  COCOA— PERCENTAGES 
Roasted  and  Unroasted  Beans 


Source 


Java 

Trini- 
dad 

Ariba 

Caracas 

Roasted 
Trini- 
dad 

Roasted 
Caracas 

45.40 

43.60 

43.30 

36.80 

41.80 

37.60 

1.16 

1.16 

.86 

1.13 

.95 

.76 

9.25 

11.90 

10.10 

10.50 

12.00 

12.30 

1.20 

1.30 

.42 

2.70 

1.40 

1.70 

.51 

.32 

6.37 

1.50 

.28 

.51 

5.10 

4.90 

1.50 

3.80 

5.70 

6.00 

6.10 

5.60 

4.60 

3.20 

5.80 

9.00 

13.80 

13.00 

14.00 

16.30 

19.60 

11.60 

8.90 

8.30 

9.00 

12.70 

5.80 

9.20 

5.10 

6.30 

5.90 

6.60 

2.60 

5.60 

3.30 

3.60 

3.70 

4.30 

3.70 

50.0 

Bahia 


Fat  or  Butter 
Theobromine. 
Albuminoids . 

Glucose 

Saccharose. . . 

Starch 

Lignin 

Cellulose 

Extractive. .  . 

Moisture 

Ash 


42.10 
1.08 
7.50 
1.00 
.51 
7.50 
7.80 

13.80 
8.00 
5.90 
3.60 
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Starch  in  cocoa  varies  from  1.5  to  7.5  per  cent;  saccharoee  from  .51 
to  6.37  per  cent;  glucose  from  1.20  to  2.70  per  cent;  celluloBe,  11.00  to 
16.30  per  cent.  Tannin,  the  astringent  of  cocoa,  is  different  from  that 
in  tea  and  coii'ee.  The  proportion  varies  from  4  to  (J. 7  per  cent,  and 
averages  about  5  per  cent.  The  content  of  mineral  matter  in  cocoa 
reaches  rather  a  high  proportion,  amounting  to  from  2.5  to  4  per  cent  in 
the  raw  and  from  3.5  to  5  per  cent  in  roasted  l)ean8. 

Prepared  cocoa  is  by  reason  of  its  composition  a  nuiriiious  food  and, 
while  not  stimulating,  it  is  much  more  sustaining  tban  either  tea  or  cof- 
fee. However,  in  its  natural  condition  it  is  too  rich  in  fat  and  slightly 
indigestible.  The  object  of  the  special  treatments,  roasting  and  grinding, 
is  to  make  it  more  acceptable  to  the  stomach  and  at  the  same  time  to 
reduce  the  fat  content. 

CHOCOLATE.—  Chocolate  consists  of  the  ground  cacao  beans  "sweated," 
fermented  and  roasted  in  a  similar  way  for  the  preparation  of  cocoa ;  hut 
the  ''cocoa  nibs"  are  ground  in  a  heated  mill  and  as  much  of  the  fat  as 
possible  extracted  by  pressure.  The  cocoa  mass  while  in  this  soft  plastic 
condition  is  mixed  with  30  to  60  ])er  cent  of  cane  sugar,  5  to  10  per 
cent  of  sweet  almond,  1.0  to  1.5  per  cent  of  vanilla,  0.5  per  cent  of  cin- 
namon and  0.2  per  cent  of  oil  of  cloves.  The  proportion  of  sugar  and 
flavorings  vary  to  a  considerable  extent,  due  to  the  processes  of  various 
manufacturers.  This  constitutes  the  differences  in  chocolate.  Various 
adulterants  are  added  to  cocoa,  princi])ally  sugar  and  starch  in  the  cheaper 
gTades.  In  others,  cocoa  shells  are  ground  up  and  added  to  the  product, 
and  mineral  coloring  matter  is  occasionally  found.  Plain  chocolate 
should  contain  not  less  than  45  per  cent  of  cocoa  fat.  If  the  fat  content 
is  below  this  figure,  it  means  an  adulteration. 

A  delightful  nutritious  beverage  may  be  prepared  from  cocoa  or 
chocolate  by  using  either  warm  water  or  milk  brought  to  the  boiling 
point  and  the  cocoa  or  chocolate  added,  two  teaspoonsful  to  each  cup  of 
milk  or  water,  with  the  addition  of  a  pinch  of  sodium  chlorid  for  each 
cup.  Two  lumps  of  sugar  and  cream  improve  the  "body"  and  flavor. 
The  nutritive  value  of  cocoa  is  greater  than  that  of  tea  or  coffee.  A 
breakfast  cup  of  cocoa  made  as  above  contains  in  grams,  protein,  3.75 
per  cent;  fat,  4.75  per  cent;  sugar,  10.01  per  cent;  starch,  0.50  per  cent; 
theobromin,  0.095  per  cent;  tannin  and  dextrin,  3.66  per  cent;  ash,  0.50 
per  cent,  and  has  an  energy  value  of  120  to  125  calories.  Chocolate,  there- 
fore, by  reason  of  its  composition  is  a  nutritious,  wholesome  beverage. 
While  not  so  stimulating  as  tea  or  coffee,  it  is  more  sustaining. 
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KOLA.— Kola  or  Goora-nut  is  tlie  product  of  Cola  acuminata,  an  Afri- 
can tree  of  N.  0.  sterculiaceoe.  It  forms  a  stimulating  beverage  and  the 
nut  is  highly  prized  as  a  nutrient  by  the  natives  of  Africa,  West  Indies 
and  Brazil. 

Composition  of  Kola. — The  average  composition  of  ten  varieties  of 
kola  nut (19)  is: 

AVERAGE  ANALYSIS  OF  KOLA  NUT 

Water 13.50  per  cent 

Nitrogen,  total 1.53 

Caffein  and  Theobromine 2.08 

Fatty  Bodies 1.35 

Starch 45.40 

Cellulose 7.00 

Tannin 3.79 

Other  non  nitrogenous  Matters 18.21        " 

Mineral  Ash 2.90 


The  active  principle  of  this  nut  is  kolaniuy  a  glucosid,  developed 
from  fermentation  under  the  influence  of  an  enzyme,  lacase.  After  cer- 
tain processes  the  kola  nut  is  converted  into  a  kola  pow^der  from  which  a 
beverage  is  made  by  mixing  a  teaspoonful  of  the  powder  with  a  little 
water  and  stirring  to  a  paste,  then  adding  a  half  pint  of  water  and  boil- 
ing for  five  minutes  in  an  open  pan.  It  is  then  poured  into  a  jug  and 
allowed  to  remain  for  five  minutes  to  clear.  The  liquor  is  then  poured 
oif  and  is  ready  to  serve.  Its  palatability  is  increased  by  the  addition 
of  sugar  and  cream. 

Kola  increases  the  power  of  endurance  for  mental  and  physical  strain, 
or  at  least  it  removes  the  sense  of  fatigue  after  such  strain.  Its  use  per- 
mits the  body  to  bear  fatigue  during  prolonged  fasting. 

GUARANA. — Brazilian  cocoa,  or  guarana,  is  obtained  from  the  seeds 
of  the  Paullinia  capana,  a  tree  belonging  to  the  natural  order  of  Sapin- 
dacece,  which,  according  to  most  botanists,  includes  the  horse  chestnut. 
The  tree  grows  abundantly  in  the  province  of  Amazonas,  along  the  banks 
of  the  Tapajos,  Rio  N'egro,  etc.,  as  well  as  in  Guiana  and  Venezuela.  It 
is  used  extensively  in  Brazil,  Guatemala,  Costa  Rica  and  other  parts  of 
South  America  as  a  nerve  stimulant  and  restorative  and  also  as  a  re- 
freshing beverage.  According  to  late  reports,  16,000  pounds  are  annu- 
ally exported  from  the  city  of  Santarem. 

The  fruit,  which  is  about  the  size  of  a  small  walnut,  contains  five  or 
six  seeds.  These  seeds  are  roasted,  and  after  being  pounded,  are  made 
into  a  thick  paste  with  water  and  formed  into  round  or  oblong  cakes, 
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which  are  dried  in  an  oven  or  by  the  heat  of  the  8un.  The»e  are  called 
giiarana  bread.  The  cakes  are  scraped  or  grated  when  recpiired  for  use, 
and  the  powder  produced  has  a  light  brown  color;  an  odor  faintly  roHorn- 
bling  roasted  coffee  and  a  bitter,  astringent  taste. 

Composition  of  Guarana. — It  contains,  in  addition  to  empyreu- 
matic  oil  (developed  by  the  process  of  roasting)  and  tannic  acid,  a  sub- 
stance called  guaranin  by  Theodore  von  Martins,  but  shown  by  Dr.  Sten- 
house  to  be  identical  with  thein.  This  alkaloid  is  stated  by  Dr.  Stenhouso 
to  be  present  to  the  extent  of  5.07  per  cent,  or  according  to  the  results 
of  the  same  observer,  to  the  extent  of  twice  the  amount  contained  in  good 
black  tea  and  five  times  that  contained  in  coffee:  the  actual  figures  given 
for  tea  being  2.13  per  cent,  and  those  for  coffee  0.8  to  1.0  per  cent  For 
Paraguay  tea  the  amount  mentioned  is  1.2.5  per  cent. 

The  large  amount  of  tannic  acid  that  enters  into  the  composition  of 
guarana  gives  it  marked  astringent  properties,  while,  owing  to  the  guar- 
anin it  contains,  it  exerts  the  same  kind  of  effect  on  the  nervous  system 
as  tea  and  coffee. 

Therapeutic  Use  of  Guarana. — Guarana  is  used  in  South  America 
to  some  extent  dietetically,  but  chiefly  therapeutically,  as  a  stomachic  and 
febrifuge  and  as  an  astringent  in  catarrhal  diarrhea  and  dysentery.  It 
is  either  eaten  with  cassava  or  chocolate,  or  taken  as  a  drink  in  sweetened 
water.  In  the  United  States  it  is  employed  as  a  nervous  stimulant  and 
restorative,  and  attention  was  directed  to  it  some  years  ago  in  France  by 
Dr.  Gavrelle,  who  had  held  the  position  of  physician  to  Dom  Pedro  of 
Brazil. 

Alcohol,  it  is  stated,  is  the  only  agent  which  completely  extracts 
its  active  principles.  Ether  and  water  only  do  so  imperfectly.  A  watery 
infusion,  therefore,  will  fail  to  possess  the  virtue  belonging  to  guarana. 

Guarana  appears,  according  to  Gautier,  to  have  enjoyed  a  high  repute 
in  France  as  a  remedy  for  migraine,  or  sick  headache,  and  attention 
has  been  recently  directed  to  its  employment  for  this  purpose,  in  Eng- 
land, by  Dr.  Wilks.  Articles  upon  the  subject  may  be  seen  in  the 
British  Medical  Journal  for  1872,  and  another  article  by  Mr.  M.  C. 
Cooke  is  to  be  found  in  volume  one,  third  series,  of  the  Pharmaceutical 
Journal,  p.  221.  As  far  as  experience  goes,  it  seems  that  in  some  cases 
of  sick  or  nervous  headache  it  is  capable  of  affording  the  most  marked 
relief,  while  in  others  it  utterly  fails  to  produce  any  good  effect  Its 
virtue  is,  in  all  probability,  due  to  the  guaranin  (thein  or  caffein)  it  con- 
tains, which  is,  as  already  remarked,  according  to  the  analysis  of  Sten- 
house,  present  in  much  larger  proportions  than  in  either  tea  or  coffee. 
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Employed  for  the  medicinal  purpose  above  referred  to,  the  quantity  gen- 
erally used  is  about  fifteen  grains  of  the  powder  administered  in  coffee, 
water  or  some  suitable  vehicle. 

COCA.—  Coca,  the  leaves  of  Eryihroxylum  coca,  N,  0,  Erythroxylacece, 
is  included  here  because  of  the  similarity  of  its  action  to  that  of  tea,  kola, 
etc.  The  natives  of  Peru  and  Bolivia  cultivate  this  shrub  for  its  leaves. 
It  is  a  very  ancient  custom  with  them  to  chew  coca  leaves  for  their  aro- 
matic and  stimulating  properties.  The  custom  has  spread  beyond  the 
regions  where  the  shrub  is  cultivated,  so  that  at  present  the  annual  con- 
sumption of  coca  leaves  in  South  America  is  said  by  Tibbies  to  exceed  one 
hundred  million  pounds. 

The  physiological  action  from  chewing  these  leaves  places  them  in  the 
same  class  as  tea,  coffee  and  kola.  However,  the  principal  alkaloid  of  the 
leaves  is  different,  as  they  contain  cocain  (C17H21KO4)  and  several  other 
alkaloids  of  minor  importance.  The  action  of  this  alkaloid  is  less  exciting 
than  the  alkaloids  of  tea  or  coffee,  but  its  action  on  the  heart  is  greater. 
The  dry  leaves  of  commerce  are  by  no  means  so  active  as  the  green  or 
freshly  dried  leaves.  The  properties  are  virtually  those  of  cocain  with 
slight  astringency  and  greater  stimulation. 

Effect  of  Caffein  in  Beverages — The  alkaloids  of  these  beverages  are 
caffein  in  tea,  coffee  and  kola;  theobromin  in  cocoa,  and  cocain  in  coca. 
Caffein  is  a  brain  stimulant  and  acts  chiefly  upon  the  nervous  and  mus- 
cular systems.  Its  action  increases  reflex  excitability  and  shortens  the 
time  occupied  in  nervous  processes.  It  stimulates  the  intellect  and  re- 
moves languor  and  drowsiness.  This  action  is  so  marked  in  some  per- 
sons that  they  are  unable  to  sleep  after  drinking  a  strong  cup  of  coffee 
at  night.  Wakefulness  and  increased  quickness  to  respond  to  stimuli 
result  in  the  ability  to  perform  an  increased  amount  of  intellectual  work. 
The  special  action  of  this  alkaloid  has  given  rise  to  the  statement  that 
tea  and  coffee  are  the  beverages  for  those  engaged  in  mental  work.  It  is 
alleged  that  they  stimulate  the  spirits,  incite  thought,  clear  the  perceptive 
faculties  and  goad  the  imagination. 

The  vital  centers  also  share  in  the  stimulation  produced  by  caffein. 
Following  its  administration  the  respiratory  movements  are  deeper  and 
more  frequent  and  the  heart  beats  more  forcibly  and  rapidly.  It  is  an 
important  aid  in  combating  impending  paralysis  of  these  centers  in  cases 
of  coma. 

Nutritive  Value  of  Beverages — Tea  and  coffee  are  in  no  sense  food- 
stuffs. Their  constituents  yield  nothing  to  the  tissues  in  the  way  of 
building  material  or  potential  energy.     The  nutritive  value  of  a  beverage 
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from  either  of  these  products  depends  largely  upon  tlie  amount  of  cream 
and  sugar  which  are  added.  The  two  lumps  of  sugar  which  most  people 
add  to  an  ordinary  cup  of  either  tea  or  coffe<',  weigh  .*J  drams  and  contain 
11  grams  of  carbohydrate,  whidi  yields  4:t  calories  or  units  of  heat 

DELETERIOUS  EFFECTS  IN  USE  OF  BEVERAGES.— Habit  materially 
weakens  the  stimulating  effects  of  tea,  coffee,  etc.  At  the  same  time  an 
excess  of  tea  is  deleterious  in  its  influence  u|K)n  the  nervous  system.  Com- 
mon symptoms  are  indigestion,  heartburn,  flusliing  of  the  face,  excessive 
nervousness,  irregularity  of  the  heart,  palpitation,  neuralgia,  headache,  in- 
somnia, etc.  Green  tea  is  more  likely  to  prcKluco  this  train  of  symptoms 
than  black.  The  consumption  of  coffee  in  excess  is  not  followed  by  in- 
somnia, but  by  numbness  and  loss  of  power  of  groups  of  muscles,  pain 
in  the  back,  etc.  The  tannin  in  these  infusions  of  either  tea  or  coffee  has 
a  tendency  to  disturb  digestion. 

The  influence  of  these  beverages  on  salivary  and  gastric  digestion  is, 
on  the  whole,  unfavorable.  Roberts  (20)  stated  that  tea  markedly  in- 
hibits the  conversion  of  starch  into  sugar  by  the  saliva,  and  attributes  this 
result  to  the  action  of  the  tannic  acid  in  the  infusion.  Robertson(21) 
confirms  the  observation  of  Roberts  as  regards  the  detrimental  action  of 
tea,  and  says  that  coffee  exerts  a  much  less  detrimental  influence  and 
cocoa  almost  none  at  all. 

The  physiological  action  of  tea,  coffee  and  cocoa  is  due  to  the  volatile 
oil,  alkaloids  and  tannin  contained  in  these  beverages.  The  volatile  oil 
is  not  in  the  same  in  each  of  these  substances;  neither  is  their  flavor  or 
effects  the  same. 

The  oil  of  tea  dilates  the  blood  vessels  on  the  surface,  flushes  the  skin 
with  blood  and  stimulates  the  sweat  glands  to  increased  activity.  Its 
action  warms  the  body  when  it  is  cool  by  increasing  the  circulation 
through  the  skin;  it  likewise  cools  the  body  when  it  is  warm  by  causing 
a  radiation  of  heat  from  its  surface  with  an  increased  evaporation  of 
moisture.  The  volatile  oil  of  coffer  produces  more  or  less  contraction  of 
the  arterioles  and  capillaries  and  cools  the  surface  of  the  body  by  reducing 
the  circulation  through  the  skin. 

MALT   LIQUORS(22) 

The  manufacture  of  fermented  liquors  from  malted  grain  is  of  great 
antiquity.  The  discovery  of  the  art  of  brewing  is  accredited  to  Gam- 
brinus,  son  of  Marcus,  King  of  the  Germans,  who  lived  1730  b.  c. 
Herodotus  gives  the  ancient  Egj'ptians  credit  for  making  a  fermented 
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liquor  from  barley  which  was  only  a  little  inferior  to  wine.  Two  cele- 
brated Egyptians  living  500  and  700  years  b.  c.  described  ale  as  the 
"wine  of  barley."  Isodorus  in  the  fifth  century  describes  the  mode  of 
making  beer  by  the  ancient  Britons,  and  Ina,  King  of  Wessex,  in  680 
A.  D.  found  it  necessary  to  formulate  regulations  for  ale  booths. 

Preparation  of  Malt  Liquors. — Malt  liquors  are  beverages  prepared 
from  an  infusion  of  malt  and  hops;  they  are  commonly  called  beer,  but 
this  is  a  generic  term  including  ale,  beer,  stout,  porter,  etc.  There  is 
some  confusion  in  the  use  of  these  names,  for  they  have  not  quite  the 
same  meaning  in  all  parts  of  the  country.  In  some  places  "ale"  is  spoken 
of  as  a  brown  beverage,  while  the  darker — black — drinks  are  termed 
"beers."  For  a  clearer  understanding  it  might  simplify  matters  to  con- 
sider "beer"  and  "ale"  as  synonymous  and  to  put  them  in  the-  class  of  the 
paler  liquors  and  to  speak  of  the  blacker  drinks  as  stouts  or  porters. 

Germination  of  Malt. — "Malt  is  obtained  by  moistening  barley  and 
allowing  it  to  germinate  in  heaps  at  a  moderate  and  regular  temperature. 
During  germination  important  changes  take  place:  the  ferment  diastase 
appears  in  the  grain  and  acts  upon  some  of  the  starch,  transforming  it 
into  dextrin  and  malt  sugar;  while  part  of  the  proteids,  by  the  action  of 
another  ferment,  are  converted  into  soluble  forms."  The  green  malt  is 
next  dried  in  a  kiln,  one  hundred  parts  producing  about  ninety-two  parts 
of  dried  malt.  If  the  malt  is  dried  at  a  high  temperature  the  ferments 
exert  a  more  powerful  action  in  the  grain,  and  as  a  result  the  beverage 
will  be  dark,  while  on  the  other  hand,  if  the  drying  be  effected  at  a  low 
temperature,  the  beverage  will  be  a  pale  color. 

WORTING.— After  the  barley  has  germinated,  sprouted  and  been  dried, 
it  is  called  malt.  The  first  stage  of  producing  "ale"  or  "beer"  is  the 
grinding  or  crushing  of  the  grain  into  a  coarse  powder,  so  that  the  malt 
can  be  mashed.  This  is  accomplished  through  the  addition  of  water, 
which  dissolves  and  diffuses  the  saccharin  matters  out  of  the  malt.  The 
starch  is  thus  gelatinized  and  a  sweet  liquor,  called  wort,  is  formed.  The 
diastatic,  proteolytic  and  other  enzymes  are  aided  in  performing  their 
respective  functions. 

There  are  numerous  malt  substitutes  which  are  often  added  to  the 
wort.  They  include  corn,  rice,  rye,  oats,  barley  (unmalted),  glucose  and 
other  sugar  bodies.  There  is  sufficient  diastase  in  the  malt  to  change  to 
sugar  considerably  more  starch  than  is  contained  in  the  malt  itself,  and 
for  this  reason  these  malt  substitutes  can  be  used. 

Boiling  of  the  Wort. — The  next  step  in  the  process  is  the  straining 
off  of  the  wort  from  the  malt  and  boiling  it  with  hops.     The  boiling  stops 
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any  further  action  of  the  diastase  and  extracts  from  the  hops  their  soluble 
ingredients.  Chief  among  these  are  tannic  acid  and  certain  resinous  acids 
of  bitter  taste.  Hutchison  dcscrihes  hops  as  "tlie  cones  or  strobiles  of  the 
Humulus  lupulus;  they  contain  4  per  cent  of  tannin,  1  to  1 J  per  cent  of 
fragrant  volatile  oil  of  an  alkaloid  called  lupulin,  a  hitter  principle,  and 
a  large  amount  of  resin" ;  they  also  contain  a  substance  called  "hopein," 
the  nature  of  which  has  not  lx>en  fully  investiirated,  but  it  seems  to  have 
properties  resembling  those  of  morphia. 

Cooling  of  the  Wort. — The  boiled  wort  is  next  pumped  out  and 
rapidly  passed  over  coolers.  It  is  then  ready  for  the  addition  of  yeast 
Great  care  is  taken  to  employ  pure  yeast,  for  many  of  the  diseases  of  beer, 
as  the  development  of  acetic  acid  poisoning,  are  due  to  the  contamination 
of  wild  yeasts.  According  to  Thatcher,  "modern  brewers  consider  care- 
ful boiling  of  the  wort  an  absolute  necessity  to  effect  sterilization;  but 
they  sometimes  neglect  to  prevent  contamination  during  cooling;  yet  this 
is  equally  necessary,  for  germs  killed  by  yeast  and  present  as  inert  matter 
become  food  for  other  germs,  which  may  be  introduced  during  cooling  and 
thus  render  purification  useless." 

Fermentation. — After  the  yeast  is  added  to  the  wort  in  vats,  the 
fermentation  is  allowed  to  proceed  under  the  proper  degree  of  tempera- 
ture. Here  again  much  depends  upon  the  degree  of  temperature  em- 
ployed. Brewers  in  England  favor  a  high  temperature,  with  the  result 
that  most  of  the  sugar  is  broken  up  and  the  resulting  beer  is  rich  in  alco- 
hol. In  Germany,  low  temperatures  are  employed ;  therefore  more  sugar 
and  dextrin  are  left  in  the  beer,  with  a  lessening  of  the  alcoholic  content 
Low  fermentation  beers  also  contain  more  carbonic  acid  than  high  fer- 
mentation beers,  and  are  therefore  better  aerated. 

After  fermentation  is  completed,  the  yeast  which  has  been  carried 
to  the  surface  is  skimmed  off  and  the  beer  is  allowed  to  stand  in  shallow 
tanks  till  most  of  the  remaining  yeast  has  settled  to  the  bottom.  It  is  now 
run  off  into  casks,  when  the  second  fermentation  occurs  under  the  action 
of  the  small  quantity  of  yeast  still  contained  in  the  beer,  but  it  is  re- 
strained somew^hat  by  the  addition  to  the  cask  of  an  extra  quantity  of 
hops ;  the  longer  this  lasts,  the  greater  is  the  amount  of  alcohol  produced, 
and  if  strong  beer  is  desired,  it  is  left  in  the  cask  for  some  months. 

Composition  of  Malt  Liquors. — For  the  manufacture  of  bitter  pale  ale 
the  finest  and  highest  dried  malt  and  hops  of  the  best  quality  are  used. 
The  alcoholic  contents  of  this  beverage  is  about  6  or  7  per  cent  In  Scotch 
ale,  8  or  9  per  cent  of  alcohol  and  about  10  per  cent  of  malt  extract  are 
present     In  lager  beer  there  is  generally  present  4  or  5  \ier  cent  «>f  malt 
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extract.  The  fermentation  of  Bavarian  beer  is  carried  on  at  a  low  tem- 
perature and  it  contains  only  2  or  3  per  cent  of  alcohol.  The  aroma  of 
this  beer  is  fine,  its  taste  is  rather  bitter,  with  an  additional  characteristic 
flavor  from  the  containing  cask  derived  largely  from  the  pitch  extracted 
from  the  wood  of  which  the  barrels  are  made. 

The  contents  of  malt  liquors  has  been  shown  by  analysis  to  consist 
of  from  1  to  10  per  cent  of  alcohol;  from  4  to  15  per  cent  of  dextrin, 
maltose  and  cellulose,  certain  free  organic  acids,  as  lactic,  gallic,  malic 
and  acetic;  in  general,  about  two  cubic  inches  of  free  carbonic  acid  gas 
per  fluid  ounce  of  liquor ;  mineral  salts  derived  from  the  malt  and  water ; 
and  certain  vegetable  matters  from  the  bitter  hops,  gentian  root  and 
chiretta  used  in  the  manufacture  of  malt  liquors.  The  aromatic  and 
bitter  principles  employed  are  harmless  when  taken  in  moderation,  and 
usually  exert  a  tonic  action  on  the  stomach.  They  serve  to  stimulate 
the  appetite,  invigorate  the  system  and  so  act  as  agents  introducing  into 
the  body  an  increased  supply  of  nutriment.  This  constitutes  the  chief 
value  of  malt  liquors. 

"PRIMING."— A  good  many  brewers  are  accustomed  to  "prime"  their 
malt  liquors  by  the  addition  of  some  saccharin  substance  before  it  is  stored 
in  casks.  The  priming  substance  used  is  not  always  the  same,  but  as  a 
rule  it  consists  of  glucose,  which  produces  a  "briskness"  rather  than 
"sweetness" ;  or  an  invert  sugar  when  the  property  of  palate  fullness  and 
lusciousness  are  desired. 

FININGS.— Just  before  barreling,  a  solution  of  isinglass  in  acetic  or 
tartaric  acid  ("finings")  is  added  to  the  cask,  which  soon  settles  in  the 
form  of  a  precipitate,  carrying  with  it  any  remaining  yeast  cells  and 
other  impurities.  After  bottling,  the  beer  becomes  "brisker"  than  it  was 
in  the  cask,  since  no  gas  can  escape.  Strong  beer  will  keep  well  in  the 
bottle  for  eighteen  months  or  longer.  High  priced  ales  usually  contain 
more  solid  matter,  have  a  higher  specific  gravity  and  contain  more  hops 
than  the  cheaper  grades.  A  good  ordinary  bitter  ale  usually  contains 
from  18  to  19  pounds  of  solids  to  the  barrel,  while  an  ordinary  mild  ale 
carries  only  16  or  17  pounds.  A  good  bitter  ale  may  have  as  much  as  22 
pounds  and  Bass  ale  as  much  as  23  pounds  to  the  barrel  of  36  gallons. 

Porter  and  Stout. — Porter  is  made  with  roasted  or  dark  brown 
malt  and  contains  alcohol  5  to  7  per  cent  and  extract  of  malt  7  or  8  per 
cent;  stout  is  a  stronger  kind  of  porter.  They  are  manufactured  in  the 
same  way  as  beer,  with  the  exception  that  the  malt  is  first  thoroughly 
roasted  in  cylinders,  much  as  coffee  is.  This  roasting  process  produces 
some  caramel  to  which  the  dark  color  of  these  beverages  is  mainly  due. 
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This  heating  process,  by  killing  the  diastase,  prevents  further  production 
of  dextrin  and  sugar  in  the  '^mashing.''  The  proportion  of  solid  matter 
in  the  liquor  is  often  increased  by  the  addition  of  caramel  or  of  invert 
sugar.  German  beers  are  fermented  at  a  lower  temperature  than  English 
or  American  beers.  They  contain  more  dextrins,  also,  and  secondary  fer- 
mentation takes  place  in  them  to  a  large  extent,  with  the  production  of 
much  carbonic  acid  gas. 

The  composition  of  malt  liquors  has  been  studied  very  extensively  by 
Crampton(22)  of  the  U.  S.  Dept.  of  Agriculture,  Bulletin  ^o.  13,  en- 
titled "Fermented  Alcoholic  Beverages."  Crampton,  in  Table  'No.  I, 
page  563,  gives  the  analyses  of  American  malt  liquors. 

The  more  important  constituents  of  these  beverages  are  alcohol,  dex- 
trins, sugar,  a  small  amount  of  soluble  nitrogenous  matter  and  vegetable 
acids.  Tibbies,  in  his  work  on  "Foods,  Their  Origin,  Composition  and 
Manufacture,"  gives  in  Tables  II  and  III  analyses  of  English,  German 
and  Bavarian  beers,  ale  and  porter,  taken  from  the  "Hospital,"  April  24, 
1909: 

Table  II 

COMPOSITION  OF  MALT  LIQUORS— PERCENTAGES 


I 
1 

< 

1 

.3 

< 

< 

Authority 

English  Beer,  mild 

English  Beer,  bitter 

English  Ale  and  Porter. .  . 
Burton  Pale  Ale 

84.71 

87.42 
89.10 
89.63 

8.45 

6.78 
4.89 
5.25 
5.50 
6.55 
6.24 

3.07 
3.46 
3.21 
3.68 
4.07 
3.70 
3.23 
4.45 

4.34 
2.12 

6.74 

5.42 
6.93 
4.40 
5.42 
8.00 
6.30 

3.14 
4.97 
4.99 
5.61 
7.23 
5.87 
6.61 
7.09 

6.42 
6.61 

.26 

.16 
.53 

!37 

.81 
.49 
.71 

!57 
.40 

5. 

4. 

.84 

"'.44 
.87 
.90 

"6. 
2.04 

77 
22 
.... 

2.92 
4.39 

15" 
3.34 

310 

.900 

'.160 
.116 
.128 
.170 

.120 

.31 
.35 
.36 
.33 
.45 

.10 
.20 
.20 
.22 
.27 

'.36 

.27 

.20 

Lancet,  Feb.  16, 
1895 

Leyden 
1  Chittenden 
j       and  Mendel 

Guinness's  Dublin  Stout. . 

Oatmeal  Stout 

Nourishing  Stout 

Non-intoxicating     Malt 
Beer 

1  Lancet,  1902,  ii. 
1265 

Pilsener  Lager  Beer 

Bavarian  winter  Beer 

Bavarian  summer  Beer. .  . 

Munich  Bock  Beer 

"       Hofbrau 

91.15 
91.81 
90.71 

88.72 

Leyden 

"       Spatenbrau 

"       Lowenbrau 

Burton  TiRger  Beer 

Danish  Beer 

89.49 

Lancet,  Feb.  16, 

1895 
Cameron 
Lancet,  1909,  ii. 

1265 
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Action  of  Malt  Liquors  on  Digestion. — The  action  of  malt  liquors  on 
digestion  has  received  considerable  study.  Hutchison  is  of  the  opinion 
that  they  exert  but  '^little  retarding  influence  on  salivary  digestion,  and 
any  action  that  they  may  possess  is  entirely  due  to  their  acidity.  Stout 
is  twice  as  acid  as  beer,  and  hence  has  a  greater  retarding  action  on  the 
digestion  of  starch  by  the  saliva."  The  hop  extract  in  beer  is  inclined  to 
induce  drowsiness,  and  by  causing  a  more  profuse  flow  of  saliva,  rather 
improves  than  retards  salivary  digestion. 

Beer,  if  taken  alone,  does  not  remain  in  the  stomach  longer  than 
water.  If  taken  on  an  empty  stomach,  200  c.c.  will  be  found  to  have  left 
the  stomach  in  about  one  and  a  half  hours.  ''If  taken  with  food,  it  delays 
the  chemical  processes  of  digestion  more  than  the  mere  amount  of  alcohol 
which  it  contains  will  explain."  Hutchison  thinks  that  the  extract  and 
salts  are  the  contributing  causes.  It  is  probable,  however,  that  a  tum- 
blerful of  good,  brisk  beer  may  actually  aid  digestion  by  increasing  appe- 
tite and  stimulating  a  more  abundant  secretion  of  the  gastric  juice  as  well 
as  stimulating  more  active  movements  of  the  stomach.  In  persons  of  weak 
digestion,  beer  is  prone  to  produce  biliousness  and  has  a  tendency  to  act 
as  a  fat  producer.  If  used  in  excess  it  produces  obesity  and  in  some  cases 
a  permanent  dilatation  of  the  stomach.  In  some  individuals,  all  liquors 
are  prone  to  give  rise  to  acidity  of  the  stomach.  This  may  be  the  result 
of  acid  fermentation.  Again,  in  other  persons,  it  seems  to  exert  an  un- 
favorable influence  on  the  liver,  producing  dyspeptic  symptoms.  It  is  for 
these  reasons,  among  others,  that  beer  is  not  a  good  beverage  for  the  sed- 
entary individual,  unless  in  very  moderate  amount. 

Stout  and  porter  are  popularly  believed  to  be  more  digestible.  "If  it 
be  desired  to  avoid  nervousness,"  says  Hutchison,  "and  to  get  rid  of  in- 
somnia, shun  tea  and  coffee  and  drink  stout." 

On  account  of  the  extractives  present,  beer  contains  more  nourishment 
than  any  other  alcoholic  beverage.  It  does  not  follow  from  this,  however, 
that  beer  is  to  be  recommended  as  an  economical  food,  for,  as  we  have 
seen,  alcohol  is  to  be  regarded  as  a  food  only  in  limited  amount.  Accord- 
ing to  Hutchison,  "five  liters  of  good  German  beer  with  5  per  cent  of  ex- 
tract should  yield  250  grams  of  carbohydrate  (1,025  calories),  which  is 
half  the  total  required  daily,  and  in  addition  100  to  150  grams  of  alcohol 
with  a  fuel  value  of  from  700  to  1,050  calories." 

It  has  been  determined  by  exhaustive  study  of  the  effects  of  malt 
liquors  on  the  digestive  system  that,  when  containing  the  bitter  prin- 
ciple of  hops,  they  act  as  appetizers,  aid  digestion  and  encourage  sleep. 
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These  i)roi)ertie8  make  them  of  value  in  certain  forms  of  ilyttpepsia  and 
debility,  especially  when  induced  by  disease,  overexertion,  worry,  neu- 
ralgia and  the  like,  'i'hcir  nutritive  value  depends  uiK>n  their  content  of 
saccjiariii  and  albuminous  substances.  Althou^li  the  luodcrute  use  of 
alcoholic  liquors  may  not  be  open  to  very  serious  objection,  it  has  been 
demonstrated,  nevertheless,  that  all  types  of  work  are  U'tter  accomplished 
without  the  use  of  any  of  these  beveruj^es.  An  excess  of  malt  liquors 
])roduces  effects  similar  to  those  of  other  forms  of  alcohol.  Their  tendency 
to  cause  obesity  is  a  matter  of  connnon  knowledge,  and  the  check  put  by 
them  on  the  oxidation  and  elimination  of  the  waste  matters  of  the  body 
naturally  favors  the  development  of  gouty  conditions  and  other  disorders 
which  follow  the  accumulation  in  the  organism  of  uric  acid  and  its 
congeners.  It  must  be  remembered  also  that  malt  litpiors  are  bulky 
drinks,  and  indulgence  in  them  introduces  a  large  amount  of  fluid  into 
the  circulation.  The  effort  to  expel  this  surplus  fluid  puts  an  extra 
strain  on  the  heart,  which  may  be  very  injurious  if  that  organ  is  already 
damaged. 

CONSUMPTION  OF  MALT  LIQUORS.— According  to  the  report  of  the 
United  States  Census  in  1900,  the  total  consumption  of  such  alcoholic 
beverages  was  in  excess  of  1,332,000,000  gallons.  Three  years  later  it  had 
passed  the  1,600,000,000  mark.  In  1006  it  rose  to  more  than  1,800,- 
000,000  gallons.  In  1907  the  total  consumption  had  reached  2,130,000,- 
000  gallons.  Startling  as  these  figures  are,  they  are  surpassed  by  the 
records  of  European  countries.  France  leads  the  list  with  an  annual 
consumption  of  35  gallons  per  capita;  Great  Britain,  in  1903,  had  a  con- 
sumption of  more  than  30  gallons  per  capita,  while  in  the  United  States 
the  amount  is  20  gallons  per  capita. 

Low  Alcoholic  Beverages — Low  alcoholic  beverages  were  formerly 
produced  by  making  a  second  brew  of  the  gi*ains  after  sparging.  The 
liquid  so  produced  was  fermented  separately  and  yielded  a  beverage  called 
"small  beer"  which  contained  some  saccharin  material  and  from  1.25  to 
2  per  cent  alcohol.  It  was  a  refreshing  beverage,  containing  just  enough 
alcohol  to  keep  it  for  a  time  and  quite  strong  enough  to  satisfy  the  craving 
of  many  people  without  producing  alcoholism.  Such  beer  might  properly 
be  termed  "weak  lager  beer."  This  variety  of  beer  unfortunately  is  not 
now  produced,  as  the  "smalls"  are  added  to  the  "sweet-wort"  and  the  en- 
tire ale  is  fermented  at  once. 

Genuine  malt  liquors  can  be  produced  of  low  alcoholic  strength  (2 
per  cent  alcohol)  ;  these  are  practically  non-intoxicating.  Such  beers  are 
now  universally  made  as  a  result  of  prohibition  laws.     These  low  alco- 
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holic  beers  have  a  flavor  like  that  of  lager  beer  and  are  agreeable.  They 
contain  a  fair  amount  of  malt  extract  and  are  satisfactory. 

Herb  Beers. — Herb  beers  are  made  from  a  decoction  of  herbs,  nettles 
and  other  green  or  dried  herbs,  saccharin  malt  and  cane  sugar.  The 
liquor  is  fermented  with  yeast.  Herb  beers  should  not  contain  more  than 
from  1  to  2  per  cent  of  alcohol. 

GINGER  BEER.— Ginger  beer  or  stone  ginger  is  made  after  a  variety 
of  formulas.  When  made  on  a  large  scale,  the  water  is  boiled  in  a  steam 
jacket  pan;  from  this  it  is  run  into  a  mash  tub  with  ginger.  After  the 
ginger  has  been  infused  for  one  or  two  hours  in  a  settling  vat,  the  liquid 
is  run  off  and  citric  or  tartaric  acid,  sugar  or  honey  are  added  and  the 
mixture  allowed  to  ferment.  The  honey  gives  a  peculiar  softness  to  the 
beverage  and  hastens  fermentation.  Gum  is  sometimes  added  to  give 
body,  and  it  may  be  clarified  by  using  isinglass.  It  is  bottled  on  the  fifth 
day,  and  becomes  well  aerated  in  about  ten  to  fourteen  days.  It  usually 
contains  0.75  to  1.05  per  cent  alcohol. 

SPRUCE  BEER.— Spruce  beer  is  a  fermented  liquor  made  from  the 
leaves  and  small  branches  of  the  Norwegian  spruce,  fir,  or  from  the  es- 
sence of  spruce.  There  are  two  kinds  of  spruce  beer,  brown  and  white. 
The  former  is  made  with  molasses  and  the  latter  with  white  sugar.  The 
liquid  is  fermented  with  yeast.  The  proportion  of  alcohol  varies  from 
7  to  16  per  cent.  Spruce  beer  is  an  agreeable  and  wholesome  beverage 
possessing  tonic  and  antiscorbutic  properties. 

STIMULANTS  (23) 

Stimulant  is  a  term  which  is  used  with  various  meanings  when  ap- 
plied to  medicinal  agents.  The  definition  of  the  Latin  word  stimulus  is 
to  goad,  to  whip  up,  to  spur  on.  Alcoholic  preparations,  which  are  true 
narcotics,  are  often  referred  to  as  "stimulants,"  and  the  same  expression 
is  employed  to  designate  any  agent  which  excites,  even  briefly,  the  organic 
action  of  any  part  of  the  human  system.  All  excessive  stimulation  reacts 
into  depression,  and  most  of  the  agents  which  stimulate  the  nerve  centers 
first  will  depress  and  finally  paralyze  them.  In  many  cases  the  action  is 
one  of  progressive  stimulation  primarily  and  progressive  paralysis  after- 
wards, afl^ecting  the  centers  in  the  inverse  order  of  their  development,  the 
highest  or  latest  developed  centers  being  afl^ected  first,  the  lowest  or  oldest 
ones  last.  Generally  speaking,  stimulants  act  directly  upon  either  the 
nervous  system  or  upon  the  circulatory  organs.  Alcohol  afi^ects  the  latter 
more  than  the  former.    It  is  questionable  if  alcohol  may  be  regarded  as  a 


ALCOHOL  569 

nerve  stimulant.  Brain  activity  coincident  with  Uie  administration  of 
alcohol  is  no  doubt  due  to  an  increased  How  of  blood  through  the  brain 
rather  than  any  direct  action  upon  the  cerebral  cellH. 

Alcohol. — Ah'ohol  is  produced  by  the  fermentation  of  sugar  with  yeast 
according  to  the  well-known  eqtnition : 

CeH,20e=2C02+2C,II,()ll 

(sugar)    (carlxmic  (alcohol) 
acid) 

The  principal  constituent  of  all  ah-oholic  l)everage8  is  ethyl  alcohol 
(CaHgO),  each  molecule  of  which  is  composed  of  two  atoms  of  carbon, 
six  atoms  of  hydrogen  and  one  atom  of  oxygen.  The  respective  propor- 
tions of  these  ingredients  by  weight  are:  carlx)n  52.17  parti*,  hydrogen 
13.04  parts  and  oxygen  34.7J)  parts  per  hundred.  Absolute  alcohol  is 
somewhat  difficult  to  procure,  since  it  is  hydroscopic  and  rapidly  becomes 
diluted  with  water  when  exposed  to  a  damp  atmosphere.  Ethyl  alcohol, 
C^HyO,  or  ethyl  hydroxid,  CsH^OH,  is  a  transparent,  colorless,  mobile 
fluid  of  pleasant  ethereal  odor,  mixing  with  water  in  all  proportions.  It 
boils  at  78°  C.  (172.4°  F.)  and  burns  with  a  white  flame.  The  specific 
gravity  is  0.795.  It  is  only  used  for  technical*  purposes.  WHiat  is  known 
as  pure  spirit  of  ivine  consists  of  03  to  95  per  cent  of  absolute  alcohol  and 
5  to  7  per  cent  of  water.  The  small  proportion  of  water  causes  it  to  bum 
Avith  a  blue  flame. 

The  glucose  in  fruits  when  fermented  is  converted  directly  into  alco- 
hol, whereas  the  starches  in  grains  and  potatoes,  etc.,  are  converted  into 
dextrin  and  maltose.  Then  by  the  aid  of  diastBtic  ferments,  before  alco- 
holic fermentation  can  take  place,  they  are  converted  into  glucose  and 
after  a  certain  period  of  fermentation  are  distilled,  producing  alcoholic 
beverages.  Glucose,  the  formula  of  which  is  CeHigO^,  is  transformed 
into  alcohol  by  a  process  of  fermentation,  through  which  each  of  its  com- 
plex molecules  loses  two  atoms  of  carbon,  four  atoms  of  oxygen  (consti- 
tuting two  molecules  of  carbon  dioxid,  COo),  the  portion  remaining  con- 
stituting two  molecules  of  alcohol  2C2H5OH. 

The  special  characters  of  difl^erent  alcoholic  beverages  depend  to  a 
large  extent  upon  the  particular  kind  of  sugar  and  yeast  concerned  in 
the  fermentation.  It  is  also  interesting  to  know  that  the  process  of  fei^ 
mentation  as  carried  on  in  the  manufacture  of  alcoholic  drinks  is  not 
such  a  simple  process  as  the  above  equation  might  induce  one  to  believe. 
In  the  process  of  fermentation  and  distillation,  several  by-products,  the 
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chief  of  which  are  methyl  alcohol,  carbon  oxid  gas  and  glycerin,  are  pro- 
duced as  well  as  alcohol.  The  nature  and  amount  of  these  profoundly 
influence  the  character  of  the  resulting  beverage.  It  remains  true  of  all 
alcoholic  drinks  that  the  principal  constituent  by  which  they  affect  the 
nutrition  of  the  body  is  due  to  ethyl  alcohol.  It  is  therefore  of  mucU 
importance  to  study  minutely  the  effects  of  alcohol  on  the  body,  for  upon 
the  results  of  such  study  our  opinion  as  to  the  value  or  detriment  of  alco- 
holic drinks,  both  in  health  and  disease,  may  be  correctly  estimated. 

LOCAL  EFFECTS  OF  ALCOHOL.— The  local  eifects  of  alcohol  are  those 
of  a  chemical  irritant.  If  its  evaporation  is  prevented,  as  by  covering 
with  a  watch  glass  or  a  piece  of  rubber,  or  if  the  alcohol  is  rubbed  in,  it 
absorbs  water  from  the  tissues  and  hardens  them.  It  coagulates  the  albu- 
min of  the  part,  but  the  coagulum  is  soon  redissolved  by  the  fluids  of  the 
tissues.  It  then  dilates  the  vessels  of  the  derma,  producing  a  sensation 
of  warmth  upon  the  skin.  If  some  strong  spirit,  such  as  whisky  or 
brandy,  is  taken  into  the  mouth,  a  sensation  of  burning  is  produced,  owing 
to  the  irritation  of  the  nerve  endings,  and  by  and  by  the  mucous  mem- 
brane becomes  somewhat  corrugated  and  whitened  by  reason  of  the  re- 
moval of  water  from  its  surface  cells  and  the  coagulation  of  their 
protoplasm.  ^ 

Internally,  in  moderate*  doses,  alcohol  acts  briefly  as.  a  cerebral,  cardiac 
and  general  stimulant ;  in  large  doses  as  an  anesthetic,  intoxicant,  deliri- 
ant  and  finally  as  a  narcotic  poison  and  paralyzant  of  the  nerve  centers. 

EFFECTS  OF  ALCOHOL  UPON  THE  HEART.— As  a  cardiac  stimulant, 
alcohol  should  be  given  when  heart  failure  is  impending.  The  radial 
pulse  is  not  always  a  good  indication  of  the  strength  of  the  heart.  An 
incompressible  pulse,  due  to  obstruction  of  contracted  arteries,  may  give 
the  impression  of  a  full,  strong  pulse,  whereas  the  heart  may  be  very 
weak.  Upon  auscultation,  however,  it  can  be  determined  exactly  when 
alcohol  should  be  given.  In  many  cases  of  fever,  only  one  sound  of  the 
heart  can  be  heard,  the  first  sound  being  so  weak  as  not  to  be  audible. 
This  is  a  condition  where  there  is  great  danger  of  collapse,  for  the  first 
sound  coincides  with  the  systole  and  in  proportion  to  its  feebleness 
there  will  be  weakness  in  the  systolic  contraction.  At  first  the  sound  may 
be  muffled,  and  as  the  contractions  become  more  feeble  it  can  only  be 
heard  by  a  practised  ear.  On  the  other  hand,  the  second  sound  is  due  to 
relaxation  of  the  heart.  If  it  relaxes  quickly,  the  sound  is  more  distinct 
than  if  gradual,  and  this  clearness  of  the  second  sound  indicates  the  be- 
ginning of  heart  failure.  Disappearance  of  the  first  sound  always  calls 
for  the  administration  of  alcohol.    In  cardiac  failure  accompanying  acute 
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disease,  unlimited  quantities  of  brandy  arc  indicated,  but  stimulants  must 
be  reserved  for  the  actual  time  of  heart  failure.  Alcohol  is  of  great  value 
for  its  stiniuhiting  elTect  upon  the  spirits  in  conditions  of  profound  nerv- 
ous exhaustion  where  there  is  great  depression.  It  also  produces  remark- 
ably soothing  effects  in  muscular  weakness. 

The  stinuihitiiig  action  of  alcohol  upon  the  heart  is  similar  to  that 
produced  by  violent  muscular  exercise,  that  is,  a  greater  frequency  of 
contraction  with  an  increased  force  of  the  heart  beat.  The  pulse  is  rapid 
and  very  short;  consequently  the  arterial  system  is  dilated  and  respira- 
tions increase.  This  is  the  main  action  of  alcohol.  Just  as  prolonged 
violent  muscular  exercise  results  in  exhaustion,  so  this  rapid  action  of  the 
heart,  produced  by  constant  doses  of  alcohol,  finally  leads  to  cardiac  weak- 
ness. In  diseased  conditions,  however,  when  the  heart  is  beating  rapidly, 
but  feebly  aud  ineffectually,  the  administration  of  alcohol  often  dimin- 
ishes the  frequency  of  the  beats,  while  at  the  same  time,  improves  its 
force  and  volume.  As  long  as  these  effects  are  maintained  in  a  case  of 
acute  illness,  one  is  reasonably  safe  in  assuming  that  alcohol  is  doing 
good. 

The  heart  seems  to  show  the  stimulating  effect  of  alcohol  even  before 
the  liquid  is  absorbed,  due  probably  to  the  action  on  the  gastric  nerves 
which  are  so  closely  related  to  those  controlling  cardiac  action.  In  cer- 
tain cases  this  reflex  action  is  so  marked  that  the  heart  ceases  to  beat 
This  phenomenon  is  not  infrequently  observed  in  the  sudden  death  of 
beavy  drinkers.  Among  the  numerous  investigations  conceniing  the 
effects  of  alcohol  on  the  circulatory  system,  those  of  Parkes  and  Wallo- 
wicz  are  enlightening.  They  studied  a  patient  who  imbibed  daily  from 
one  to  seven  and  one-half  ounces  of  rectified  spirits  with  the  effect  of 
rise  in  pulse  rate  of  ten  beats  to  the  minute  as  compared  with  that  in  the 
time  when  alcohol  was  withheld.  However,  in  accordance  with  the  obser- 
vations of  other  investigators,  this  cardiac  stimulation  was  succeeded  by 
depression  in  which  the  beat  was  not  only  slower  than  normal,  but  also 
more  feeble. 

This  after-effect  of  alcohol  is  most  important,  for  it  points  to  the 
fact  that  the  temporary  stimulation  must  be  followed  by  depression  of 
the  heart's  action.  Alcohol,  it  would  seem,  does  not  afford  nutriment  for 
the  heart,  but  is  merely  an  agent  by  which  this  organ  is  enabled  to  make 
temporary  use  of  its  reserve  strength.  The  j)hv8ician  should  learn  from 
this  data  that  alcohol  must  not  be  given  too  early  in  acute  diseases,  other- 
wise before  the  crisis  is  past  the  patient  will  have  arrived  at  the  state 
in  which  further  stimulation  is  impossible. 
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"Much  has  been  written  on  the  action  of  alcohol  on  the  heart  and  cir- 
culation, the  results  of  which,  however,  are  far  from  uniform.  Swiento- 
chowski(24)  found  that  after  the  administration  of  25  to  100  c.c.  of  alco- 
hol of  50  per  cent  strength  the  pulse  rate  is  increased,  but  slows  down 
again  a  little  in  two  or  three  minutes,  without  reaching  the  normal  again, 
however,  for  at  least  half  an  hour.  For  an  hour  after  its  administration 
blood  pressure  is  lowered.  He  found  no  evidence  that  it  really  stimulated 
the  heart,  but  believes  that  the  latter  is  depressed  by  alcohol,  as  are  all 
vital  functions.  Dixon  (25),  on  the  other  hand,  concludes  from  his  ex- 
periments that  the  first  action  of  alcohol  on  the  heart  is  a  directly  stimu- 
lant one.  Cabot (26)  is  convinced  from  his  observations  on  patients  that 
no  effect  of  alcohol  upon  the  heart  to  increase  blood  pressure  is  demon- 
strable, although  he  does  not  go  so  far  as  to  infer  that  it  is  useless  in  dis- 
ease." Abel  (27)  summarizes  the  experimental  evidence  regarding  the 
action  of  alcohol  on  the  vascular  apparatus  as  follows: 

1.  Alcohol  as  such,  when  introduced  into  the  circulation  with  the  avoidance  of 
local  irritation,  is  not  a  circulatory  "stimulant." 

2.  Alcohol  in  moderate  quantities — say  a  pint  of  wine — has  no  direct  action 
on  the  heart  itself,  either  in  the  way  of  stimulating  or  depressing.  This  state- 
ment is  based  on  the  results  of  laboratory  experiments  extending  over  short 
periods  of  time  only,  and  does  not  imply  that  it  holds  for  the  steady  daily  use  of 
alcohol  in  this  quantity. 

3.  In  moderate  quantities  it  has  no  appreciable  effect  on  the  blood-pressure. 
When  a  change  in  this  becomes  evident  it  is  always  in  the  direction  of  a  fall. 

4.  By  virtue  of  its  local  action  on  mucous  membranes  and  on  the  brain,  alco- 
hol is  capable  of  affecting  the  several  parts  of  the  vascular  apparatus  in  such  ways 
that  the  term  "circulatory  stimulant"  may  be  appHcable.  The  most  frequent  of 
these  indirect  effects  is  a  quickening  or  slowing  of  the  pulse  rate.  Such  indirect 
influences  must  not  be  allowed  to  hide  the  true  character  of  alcohol,  which  is 
always  depressant  in  kind. 

The  theory  that  alcohol  is  a  stimulant  has  long  been  held.  It  was 
commonly  believed  to  stimulate  the  action  of  the  heart,  the  muscular  sys- 
tem, the  digestive  system,  and  even  the  mental  powers.  But  recent  work 
goes  to  prove  that  instead  of  acting  as  a  stimulant,  alcohol  is  ultimately 
depressive  in  its  effects  on  the  body  in  gCDeral,  especially  in  its  relation 
to  the  higher  functions.  In  other  words,  alcohol  should  be  grouped  with 
the  anesthetics  and  narcotics. 

Effect  of  Alcohoi,  upon  Temperature. — Another  apparent  in- 
consistency in  the  action  of  alcohol  which  is  explained  by  its  effects  on 
the  blood  vessels  is  its  influence  on  the  temperature  of  the  body.  Alcohol 
is  in  reality  a  fuel,  and  by  its  oxidation  produces  heat,  just  as  it  does  in 
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a  spirit-laiiip.  By  dilating  the  surface  blood  \&m\s  it  causes  more  heat 
to  be  given  olf  by  radiation  than  its  own  coinbustiou  produces,  so  that 
the  net  result  is  that  the  toniperature  of  the  Ixxly  {»  lowered.  This  only 
seems  to  occur  in  an  appreciable  degree,  however,  when  the  alcohol  is 
taken  in  intoxicating  doses.     On  this  Atwater  remarks: 

The  theory  that  the  energy  yielded  by  alcohol  is  lost  by  the  increased  heat- 
radiation,  like  the  theories  that  alcohol  is  not  oxidized  in  the  body,  and  that  it  pro- 
vents  normal  oxidation  of  other  material  was  sup^estwi  by  observed  faeta.  Tbero 
exists  in  the  minds  of  the  laity  the  belief,  that  drinking  whiskey  or  brandy  on  a 
cold  day  will  "keep  out  the  cold,"  and  the  deceptive  feeling  of  warmth  produced  by 
the  flushing  of  the  skin  with  blood  is  erroneous.  Alcohol  does  not  'Iceep  out  the 
cold,"  but  lets  out  the  heat  of  the  body,  and  consequently  the  consumption  of 
spirits  is  a  very  bad  means  of  fortifying  one's  self  to  meet  a  low  external  tempera- 
ture, as  was  found  out  by  the  Arctic  explorers  long  ago.  On  the  other  hand,  if 
one  has  been  exposed  to  cold  and  the  blood  has  been  driven  into  the  interna!  vis- 
cera, and  is  stagnating  there  and  is  about  to  produce  congestion,  the  timely  admin- 
istration of  alcohol  may  save  the  situation  by  once  more  bringing  about  a  proper 
distribution  of  the  blood.  The  proper  time,  then,  to  take  alcohol  is  on  coming  in- 
doors when  wet  or  chilled.  Its  use  should  be  avoided  when  going  out  into  a  bliz- 
zard, or  on  a  clear  frosty  morning  or  a  cold  drizzling  rain. 

There  is  no  doubt  that  prolonged  over-indulgence  in  alcohol  may  cauae 
a  vascular  paralysis  which  may  become  permanent,  as  one  often  obser^'cs 
in  the  bloated  look  and  purple  nose  of  a  drunkard.  In  subjects  of  this 
type,  when  coming  down  under  an  acute  illness,  the  beneficial  eflFects 
which  are  hoped  to  be  obtained  from  the  administration  of  alcohol  are  no 
longer  manifested.  The  heart  and  blood  vessels  have  been  so  often  stimu- 
lated that  they  will  cease  to  respond  to  this  administration  and  the  pa- 
tient pays  the  penalty  with  his  life. 

EFFECT  OF  ALCOHOL  UPON  MUSCULAR  ACTIVITY.— The  effect  of  al- 
cohol on  muscular  activity  has  been  studied  very  carefully.  The  experi- 
ments show  that  alcohol  does  not  increase  the  capacity  of  muscular  work 
but  distinctly  decreases  it.  Doubtless  this  assertion  may  seem  contradic- 
tory to  the  observations  of  recorded  experience  of  some  authorities,  but 
the  explanation  is  found  in  the  fact  that  alcohol  really  blurs  the  judg- 
ment. As  Voit  remarks,  "it  gives  not  strength,  but,  at  most,  the  feeling 
of  strength.  A  man  may  think  he  is  working  faster  and  better  under  the 
influence  of  alcohol  than  he  would  otherwise,  but  rigidly  conducted  ex- 
periments do  not  confirm  this  opinion."  "Both  science  and  the  experience 
of  life,"  says  Dr.  John  J.  Abel,  of  Johns  Hopkins  University (28),  '*have 
exploded  the  theory  that  alcohol  gives  any  persistent  increase  of  muscular 
power.     The  disappearance  of  this  universal  error  will  greatly  reduce  the 
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consumption  of  alcohol  among  laboring  men.  It  is  well  understood  by 
all  who  control  large  bodies  of  men  engaged  in  physical  labor  that  alcohol 
and  effective  work  are  incompatible." 

According  to  Abel,  alcohol  is  not  a  practicable  source  of  energy  in  the 
performance  of  physical  labor,  while  on  the  other  hand,  Professor  Atwater 
is  inclined  to  the  view  that,  when  alcohol  is  burned  in  the  body,  the  heat 
generated  may  be  directly  utilized  in  the  promotion  of  muscular  activity ; 
but  he  was  very  careful  to  state  that  his  experiments  only  suggested  but 
did  not  prove  the  conclusion. 

It  makes  little  difference,  from  a  practical  viewpoint,  which  of  these 
views  is  correct,  since  all  observers  are  practically  agreed  that  alcohol  in 
small  doses  may  indeed  stimulate  muscular  activity  for  a  very  short  period 
of  time  (twenty  or  thirty  minutes),  when  the  paralyzing  action  of  the 
drug  becomes  effective  and  the  aggregate  amount  of  v/ork  performed  is 
found  to  be  less  with  than  without  alcohol. 

Dr.  A.  J.  Rasanoff  of  the  New  York  State  Hospital  at  Kings  Park, 
in  commenting  on  experiments  carried  on  by  Dr.  Schnyder  and  Professor 
DuBois,  draws  the  following  conclusions : 

(a)  Unlike  an  ordinary  food,  alcohol,  when  taken  in  moderate  quantity  on  an 
empty  stomach,  has  two  distinct  effects  on  the  muscular  system — a  strength sning 
one  and  a  weakening  one.  During  the  first  brief  stage  after  it  is  taken,  the  strength- 
ening effect  predominates,  the  alcohol  probably  being  utiHzed  as  a  food  by  the  ex- 
hausted body.  But  no  sooner  is  the  first  stage  over  than  the  weakening  effect 
becomes  more  prominent,  the  alcohol  probably  acting  injuriously  upon  the  nervous 
system. 

(b)  Moderate  amounts  of  alcohol  taken  with  a  meal  effect  a  very  considerable 
lowering  of  the  capacity  for  doing  muscular  work.  The  widespread  notion  that 
moderate  drinking  with  meals  helps  a  laborer  do  his  work  is  false. 

EFFECT  OF  ALCOHOL  ON  DIGESTION  AND  SECRETION.— The  effect  of 
alcohol  on  the  digestion  and  secretion  is  to  increase  the  flow  of  saliva 
in  the  mouth  from  the  stimulating  effect  of  the  alcoholic  beverage.  In 
small  quantities,  alcohol  dilates  the  gastric  vessels,  reddens  the  mucous 
membrane  of  the  stomach,  produces  a  sense  of  warmth  and  comfort,  stimu- 
lates the  gastric  glands  and  increases  the  activity  of  the  gastric  move- 
ments. This  increased  flow  of  the  salivary  secretion  is,  however,  of  very 
brief  duration.  Not  only  is  the  volume  of  saliva  increased,  but  also  its 
organic  and  inorganic  constituents. 

The  effect  of  alcohol  upon  the  gastric  secretion  is  marked,  since  the 
quantity  of  gastric  juice,  the  amount  of  acids  and  the  total  solids  is  aug- 
mented, not  only  by  the  presence  of  alcoholic  beverages  in  the  stomach. 
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but  also  iiidircetly  through  the  iiiHueneo  of  alcohol  abuorbod  frtmi  the 
intestine.  This  increase  in  the  How  of  pistric  juice  may  pOHsibly  oounter- 
bahinco  the  lirentor  or  lesser  retanh»ti«.n  of  tho  digeHtivc  chanii^eH  caused 
by  akohoiic  beverages.  Alcohol  tak(  n  moderately,  ininiediatidy  Iwfore  or 
during  meals,  promotes  the  appetJK^  and  assists  digestion,  lcss<?ns  the 
eliniination  of  waste  products,  causes  a  subjecrtivo  sensation' of  heat  and 
slightly  raises  the  body  temperature. 

The  most  elaborate  and  siguiHcaiit  series  of  investigations  to  test  the 
effects  of  alcohol  in  this  direction  were  carried  out  by  Professor  Chitten- 
den, of  Yale(29),  working  in  association  with  the  ''Committee-  of  F'ifty." 
His  results  are  very  definite  and  convincing,  and  they  mrrolK)rate  the 
findings  of  various  other  experimentora,  notably  tliose  of  Kol)erts  in  Eng- 
land.    A  summary  of  his  findings  may  be  expressed  as  follows: 

Alcohol,  taken  as  proof-spirit  or  as  brandy  or  whisky,  directly  stimulates  the 
flow  of  the  digestive  juices,  salivary,  stomachic,  and  pancreatic.  But  if  present 
in  sufficient  quantity  to  form  more  than  five  per  cent  of  the  pastric  contents, 
it  materially  interferes  with  the  digestive  action  of  the  gastric  juice,  the  forraation 
of  which  it  has  just  stimulated.  Thus  one  of  its  effects  tends  to  counteract  the 
other;  and  the  ultimate  result  will  depend  upon  such  factors  as  the  quantity  in- 
gested, the  rapidity  of  its  absorption  and  the  quality  of  the  gastric  juice  itself. 

The  two  antagonistic  effects  of  alcohol  on  digestion  are  now  pretty 
well  understood.  Professor  Chittenden  briefly  summarizes  his  conclu- 
sions as  follows : 

The  results  collectively  indicate  that  the  period  of  gastric  digestion  does  not 
greatly  vary  under  the  influence  of  alcohol  or  alcoholic  beverajres.  In  some  few 
of  the  experiments  the  results  indicate  a  slight  acceleration  of  dijjestion  in  the 
presence  of  weak  alcoholic  beverages,  while  in  others  stronji:  alcoliol  retards 
slightly  the  rate  of  digestion.  Giving  due  heed,  however,  to  the  avoidable  errors 
which  must  of  necessity  attend  this  kind  of  experimentation,  we  believe  that  the 
results  obtained  justify  the  conclusion  that  gastric  digestion  as  a  whole  is  not 
materially  modified  by  the  introduction  of  alcoholic  fluids  with  the  food.  In  other 
words,  the  unquestionable  acceleration  of  prastric  secretion  which  follows  the  inges- 
tion of  alcoholic  beverages  is,  as  a  rule,  counterbalanced  by  the  inhibitors*  effect 
of  the  alcoholic  fluids  upon  the  chemical  process  of  gastric  digestion,  with  perhaps 
at  times  a  tendency  toward  preponderance  of  inhibitory  action. 

Still  further  experiments  were  carried  on  by  Dr.  Schnyder  and  Pro- 
fessor DiiBois  in  order  to  determine  the  effect  of  alcohol  on  a  well-nour- 
ished oro-anism.  Under  such  conditions,  if  alcohol  possesses  some  action 
besides  its  nutritive  effect,  a  highly  nourished  body  would  not  make  use 
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of  the  nutrition,  but  might  respond  to  its  other  action.  Whatever  such 
other  effect  might  be,  it  could  be  determined  as  an  entity  entirely  un- 
affected by  any  other  action.  Two  of  their  concluding  experiments  will 
now  be  described: 

Experiment  No.  4  consistied  of  the  same  measurements  as  in  the  first  three 
experiments,  carried  out  at  about  the  same  hour  of  the  day,  but  shortly  after  a 
good  meal  without  alcohol,  the  meal  consisting  of  soup,  meat,  vegetables  and 
bread. 

No.  5  consisted  in  similar  measurements,  taken  shortly  after  meals  during  which 
a  moderate  quantity  of  alcohol  was  consumed.  The  food  was  the  same  as  in 
experiment  No.  4;  in  addition,  300  cubic  centimeters  of  good  Bordeaux  wine,  con- 
taining 29.4  grams  of  alcohol,  was  consumed  in  the  course  of  the  luncheon.  Dr. 
Schnyder  observes  that  this  is  about  the  quantity  referred  to  as  "a  good  glass  of 
wine,"  considered  by  many  people  as  a  moderate,  perfectly  harmless,  even  indis- 
pensable drink.  The  tabulated  results  of  experiments  4  and  5  follow,  each  figure 
— as  in  the  first  three  experiments — ^being  an  average  from  ten  different  single 
experiments  on  ten  separate  days: 


WORK  DONE— METER— KILOGRAMS 


Period  No. 

4  (Food  only) 

5  (Food  and 
Alcohol) 

Loss  of 
Efficiency 

1  . 

7.969 
4.418 
3.652 
3.440 
3.245 
3.215 
3.248 
3.223 
3.233 
3.254 
3.322 
3.282 

7.370 
3.872 
3.373 
3.182 
3.016 
3.136 
2.996 
3.004 
3.076 
2.929 
2.993 
2.922 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 ..      . 

12. . 

Total  of  12  Periods.  . . 
Total  first  5      «      ... 
Total  last  7      «      ... 

45.501 
22.724 

22.777 

41.869 
20.813 
21.056 

8.0% 

8.4% 
7.6% 

A  peculiar  fact  is  shown  here :  while  alcohol  is  a  food,  the  human  body  will  not 
use  it  as  such  when  it  has  ample  supply  of  other  food.  Consequently,  the  weak- 
ening influence  of  alcohol,  which  is  here  got  at  by  itself,  is  seen  to  be  at  work 
continuously.  The  total  loss  of  efficiency  in  the  twelve  periods  is  8  per  cent;  in 
the  last  seven  periods  it  is  7.6  per  cent;  the  weakening  effect,  as  might  be  ex- 
pected, is  really  great  at  first. 
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FOOD  VALUE  OF  ALCOHOL.-Tlie  food  vulue  of  ulcohol,  according  to 
Dr.  Frederick  Petersen,  may  be  summarized  in  a  ningle  aentonce.  *'lf 
alcohol  is  a  food,  it  is  a  poison  food/*     In  diacuaaing  the  aubject,  Tro- 

fessor  Atwuter  says; 

The  question  as  to  whether  alcohol  is  a  food  and  whether  and  in  what  way  it 
supplies  the  body  with  nutriment  have  In^en  lU'tively  (liseusHed  for  the  taut  fifty 
years  or  more.  No  one  doubts  that  the  continued  and  exeensive  use  of  alcohol  in 
injurious  to  body,  mind  and  eluiraeter.  No  one  qut^stions  that  in  larf^e  quantitieH 
it  is  really  a  poison.  The  debatable  problem  is  its  effetrta  when  taken  in  amall  or 
moderate  quantities. 


Many  competent  observers  have  made  corrol)orative  experiments  prov- 
ing the  depressive  effect  of  alcohol  upon  the  muscular  system,  the  result 
of  the  experiments  being  widely  different  in  character.  Atwater,  in  a 
remarkable  series  of  experiments,  found  that  the  men  in  his  reapiratorv 
cabinet  were  apparently  able  to  perform  much  less  work  under  the  influ- 
ence of  alcohol  even  when  administered  in  small  doses  than  without  it. 
Professor  Hodge  in  a  notable  series  of  experiments  on  dogs  furnishes 
some  specific  data.  He  tested  very  carefully  the  activity  and  the  resist- 
ance to  fatigue  of  dogs  that  were  given  alcohol  regularly  as  comparo<l 
with  other  dogs  in  the  same  kennel  that  received  no  alcohol.  His  results 
when  summed  up  showed  that  the  spontaneous  activities  of  dogs  under 
the  influence  of  alcohol  were  30  per  cent  less  than  the  dogs  in  the  same 
kennel  under  normal  conditions.  The  tests  made  by  Hodge,  which  proved 
the  effect  of  effort  and  fatigue,  were  in  the  pursuit  and  retrieving  of  a 
ball  thrown  repeatedly;  the  alcoholics  developed  but  little  more  than  half 
of  the  efficiency  of  their  companions  and  the  evidence  of  fatigue  was  very 
much  greater  in  these  animals.  The  dogs  in  question  were  not  acutely 
intoxicated,  but  merely  suffering  from  the  depressing  effects  of  consider- 
able quantities  of  alcohol  taken  day  by  day.  In  common  parlance,  these 
dogs  might  be  termed  "habitual  heavy  drinkers,"  except  they  did  not 
drink  the  alcohol  voluntarily. 

"The  regulation  of  the  dosage  of  alcohol,"  says  Professor  Hodge,  "was 
to  give  as  large  a  dose  as  possible  short  of  producing  noticeable  intoxica- 
tion." The  animals  were  able  to  take  such  doses  as  this  without  becoming 
acutely  intoxicated.  Such  experiments  as  these  tend  to  reveal  alcohol  in 
its  true  light,  not  only  proving  the  negative  of  alcohol  as  a  muscle  stimu- 
lant, but  in  a  large  measure  substantiate  the  opinion  of  Dr.  Abel  that 
"alcohol  is  not  a  food  in  the  sense  in  which  fats  and  sarbohydr:'*'-'*  -^r^ 


\ 


578  STIMULANTS 

foods/'  but  it  should  rather  be  defined  "as  an  easily  oxidizable  drug  with 
numerous  untoward  effects  which  inevitably  appear  when  a  certain  mini- 
mum dose  is  exceeded";  it  therefore  should  be  classed  with  the  more  or 
less  dangerous  stimulants  and  narcotics,  such  as  opium,  hasheesh,  tobacco, 
etc.,  rather  than  with  truly  sustaining  foodstuffs. 

Alcohol  as  a  Fat-Sparer. — Alcohol  may  be  termed  a  'protoplasm 
poison  or  anesthetic  which  is  itself  easily  burnt  up  in  the  body.  This  is 
the  key  to  the  proper  understanding  of  its  action  on  metabolism.  We 
know  from  physiological  experiments  that  the  greater  the  quantity  of 
carbohydrate  and  fat  which  is  supplied  with  protein,  the  less  does  the  lat- 
ter tend  to  be  wasted  in  supplying  energy  and  the  more  of  it  there  is 
available  for  the  higher  purpose  of  keeping  the  tissues  in  repair.  The  fat 
and  carbohydrate  are  sacrificed  instead  of  the  protein.  This  is  what 
physiologists  mean  when  they  describe  fats  and  carbohydrates  as  protein 
sparers.  Thus  the  cells  of  the  body  may  be  regarded  as  being  bathed  with 
lymph  containing  in  solution  particles  of  protein,  fat  and  carbohydrate, 
and  we  know  from  experiments  that  these  are  broken  down  by  the  cells, 
protein  being  more  easily  destroyed  than  carbohydrate  and  lastly  fat. 
If  alcohol  gets  access  to  the  cell  and  partially  paralyzes  or  anesthetizes 
it,  the  cell  will  lose  its  power  of  breaking  down  these  compounds,  such 
as  fat,  with  which  it  has,  even  in  a  condition  of  full  activity,  difficulty  in 
coping.  Alcohol  then  saves  fat  from  combustion;  in  other  words,  it  is  a 
fat-sparer.  Experiments  have  proved,  though  with  greater  difficulty,  that 
alcohol  may  be  able  to  spare  carbohydrates,  but  this  is  exceedingly  doubt- 
ful. This  action  of  alcohol  on  cellular  activity  is  quite  in  keeping  with 
what  we  know  of  the  effects  of  other  cell  poisons. 

Unquestionably  alcohol  spares  fat  and  in  certain  instances  carbo- 
hydrate. Nevertheless,  as  in  this  process,  alcohol  is  itself  consumed  and 
heat  and  energy  are  generated.  Hutchison  confirms  this  statement  when 
he  declares  that  without  doubt  alcohol  should  rank  as  a  food.  As  demon- 
strated by  recent  investigations,  7  calories  of  energy  are  produced  by 
the  complete  combustion  of  1  gram  of  alcohol  in  the  organism;  that  is, 
the  heat  value  of  131  grains  of  alcohol  equals  that  of  100  grams  of  fat; 
or,  in  other  words,  the  fuel  value  of  1  ounce  of  alcohol  and  1  ounce  of 
butter  are  equivalent  (about  200  calories). 

Careful  study  of  the  work  of  competent  experimenters  on  the  action 
of  alcohol  clearly  proves  that  alcohol  is  not  as  good  a  source  of  heat  in 
the  food  as  fat,  for,  as  we  have  already  seen,  by  dilating  the  surface 
blood  vessels,  alcohol  may  cause  more  heat  to  be  dissipated  than  it  is 
capable  of  producing.     In  addition,  the  combustion  of  alcohol  takes  place 
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rapidly,  and  the  resulting  lieat  is  (piickly  dissipate* I,  while  heat  originat- 
ing from  fat  is  produced  far  more  slowly  and  etpuihly.  Then,  too,  it 
has  been  shown  that  aleohol  in  large  quantities  produetfS  general  paralysis 
of  eelluiar  activity,  often  to  such  a  (k^gree  that  there  is  both  a  diminution 
of  heat  i)roduetion  and  an  increased  heat  loss,  ending  in  a  marked  h>wer- 
ing  of  the  temperature  of  the  body.  Alcohol  cannot  be  unquestitinably 
considered  as  a  useful  muscle  fond.  Even  though  it  nuiy  lie  oxidiztMl  in 
muscular  tissue  so  as  to  yield  energy,  any  effect  of  this  nature  must  be 
decidedly  offset  by  the  paralyzing  effect  of  alcohol  on  nerve  cells. 

E\en  granted  that  alcohol  is  a  fat-sparer  and  that  it  exerts  an  oxidiz- 
ing effect  upon  carbohydrate,  one  is  not  surprised  to  learn  that  its  admin- 
istration neither  increases  nor  diminishes  the  intake  of  oxygcMi  or  the  out- 
put of  carbonic  acid.  Besides,  if  the  amount  of  fat  or  carlxihydrato  in 
the  diet  is  sufficient  for  the  needs  of  the  body,  alcohol  is  able  to  supple- 
ment them  by  acting  as  a  source  of  heat.  Atwater,  in  his  famous  experi- 
ments at  the  laboratory  of  the  Wesleyan  University,  found  that  from  one- 
fifth  to  one-seventh  of  the  total  calories  of  the  diet  coidd  be  thus  replaced 
by  alcohol.  This  explains  the  observation  of  Hannnond,  who  found  that 
Avlien  he  added  alcohol  to  a  diet  on  which  he  was  losing  weight,  the  loss 
was  immediately  stopped. 

Dr.  Henry  Smith  Williams(:50),  in  discussing  Atwater's  experiments, 
succinctly  summarizes  the  following: 

It  appears  that  alcohol  is  a  food  allied  in  character  to  the  suprar  with  which  it 
has  close  chemical  affinity.  If  taken  in  small  quantities,  ahout  98  per  cent  of  it  is 
burned  in  the  body,  and  the  resulting  heat  is  available  for  the  uses  of  the  body. 
But  to  admit  that  alcohol  may  sene  as  a  food  is  not  more  equivalent  to  arguing  for 
its  use  under  ordinary  conditions  than  the  admission  that  human  flesh  may  bo 
nutritious  is  an  argument  for  the  practice  of  cannibalism. 

Professor  Atwater  cautions  the  reader  that  his  tables  showing  the 
nutritive  value  of  alcohol  as  compared  with  other  foods  tell  only  lialf  the 
truth,  because  they  "leave  out  of  account  the  action  of  the  alcohol  as  a 
drug,  which  is  not  exerted  by  ordinary  food."  "When  alcohol  is  taken  in 
excessive  quantities,"  he  continues,  "its  action  as  a  drug  may  far  more 
than  counterbalance  its  nutritive  effect.  Taken  habitually  in  excess  it  is 
ruinous  to  both  health  and  character."  He  specifically  advises  "people 
in  health,  and  particularly  young  people,"  to  abstain  altogether  from 
alcoholic  beverages.  Similarly  Dr.  Neumann,  Professor  of  Hygiene  in 
the  University  of  Heidelberg,  and  one  of  the  foremost  authorities  on  the 
subject,  concludes  a  recent  article  on  the  food  value  of  alcohol  by  declar- 
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ing  that  "from  the  standpoint  of  practical  hygiene  we  have  only  to  wish 
that  alcohol  should  be  used  as  little  as  possible,  because  it  is  an  irrational, 
a  very  dear,  and  an  equally  dangerous  foodstuff."  Develde,  another  Con- 
tinental authority,  points  out  that  "it  is  more  economical  to  feed  one's 
self  with  fieldfares  than  with  beer  or  wine." 

Further  argument  along  this  line  is  quite  needless,  because  no  one 
seriously  pretends  to  take  alcohol  in  any  form  merely  for  its  food  value. 
At  the  very  best,  no  alcoholic  beverage  has  the  food  value  of  the  grain  or 
fruit  from  which  it  is  made.  Alcoholic  beverages  owe  their  popularity 
to  those  other  and  quite  different  effects  which  have  just  been  referred  to 
as  "drug"  effects. 

Antsie  in  physiological  memoirs  records  some  striking  instances  of  the 
uses  of  alcohol  seemingly  as  a  true  food.  He  kept  patients  alive  for  many 
days  during  acute  illness  on  nothing  but  large  quantities  of  brandy,  and 
found  that  they  had  not  emaciated  nearly  so  much  as  they  would  have  done 
had  they  been  merely  living  on  their  own  tissues.  This  is  not  surprising, 
says  Hutchison,  "for  the  amount  of  alcohol  (12  ounces  of  brandy)  admin- 
istered daily  is  capable  of  yielding  close  upon  1,000  calories  to  the  body." 

EFFECTS  OF  ALCOHOL  UPON  METABOLISM.— The  influence  of  alcohol 
on  metabolism  may  be  briefly  summarized :  (a)  it  is  burnt  up  in  the 
body,  sparing  fat  and  possibly  carbohydrate,  but  (h)  the  weight  of  evi- 
dence is  against  the  view  that  it  has  any  important  power  of  diminishing 
nitrogenous  waste.  The  combustion  of  alcohol  in  the  body  and  its  elimi- 
nation are  questions  which  demand  much  thought  and  study.  In  non- 
intoxicating  doses,  very  little  (1  to  3  per  cent  at  most)  passes  off  from 
the  body  unchanged,  while  on  the  other  hand,  if  the  quantity  consumed 
is  sufficient  to  produce  intoxication,  the  amount  of  alcohol  which  escapes 
combustion  may  be  as  high  as  10  to  12  per  cent  of  the  whole  dose.  When- 
ever the  proportion  of  alcohol  in  the  circulating  medium  becomes  greater 
than  the  cells  can  rapidly  decompose,  it  exerts  a  protoplasmic  poisonous 
effect.  Those  effects  are  cumulative  and  soon  a  condition  of  cell  paralysis 
is  produced,  so  that  the  expression  "paralytic  drunk"  has  a  truer  physio- 
logical meaning  than  those  who  commonly  use  it  suppose. 

Impairment  of  Mental  Processes. — The  experiments  of  Kraepelin 
and  Kiirz(31)  show  the  marked  impairment  of  various  mental  processes 
and  the  progressive  character  of  such  impairment,  from  the  continued 
repeated  moderate  use  of  alcohol.  These  experiments  were  originally 
published  in  1900 ;  the  results  of  these  experiments  show  a  piling  up  of 
the  destructive  effects  of  alcohol  with  considerable  impairment  of  the 
mental  faculties.     Since  the  brain  cells  are  particularly  susceptible  to  the 
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paralyzing  effect  of  alcohol,  the  brain  naturally  exhibits  the  first  eflfecU 
of  an  overdose.  The  higher  centers  being  the  first  affected,  the  paralysis 
begins  in  those,  passing  downward.  As  the  highcHt  cerebral  centers  are 
the  controlling  centers,  the  earliest  exhibition  of  alcoholic  poisoning  is 
loss  of  control  of  the  intellect,  emotions  and  muscular  system.  The 
"driving  centers"  of  the  brain,  those  centers  of  life  uiwn  which  depend 
the  cardiac  action  and  respiration,  are  affected  by  the  paralysis  only  in 
an  extreme  degree  of  intoxication.  The  condition  of  intoxication  then 
develops  into  coma,  which  commonly  ends  in  death. 

It  must  not  be  forgotten  that  the  prolonged  and  habitual  consumption 
of  alcohol,  though  insufHcient  in  quantity  to  ''produce  any  of  the  outward 
or  visible  signs  of  intoxication,  is  yet  beyond  the  inunediate  oxidizing 
power  of  the  cells  and  may  result  in  considerable  detriment  to  the  tissues." 
The  brain,  likewise,  in  a  habitual  drinker  is  especially  liable  to  suffer, 
probably  owing  to  the  fact  of  its  being  the  most  highly  organized  and 
delicate  tissue  of  the  body.  Through  the  abuse  of  prolonged  chronic  alco- 
holism, the  brain  becomes  the  seat  of  various  degenerative  change**  which 
affect  the  sensory  centers  more  deleteriously  than  the  motor,  leading  even- 
tually to  a  blunting  of  the  moral  perceptions  with  a  special  loss  of  the 
sense  of  integrity.  The  presence  throughout  the  body  of  even  a  small 
amount  of  undecomposed  alcohol  leads  to  inactivity  of  chemical  energy 
of  the  cells,  thereby  hindering  the  ordinary  metabolic  processes  leading 
to  chronic  diseased  conditions.  As  already  pointed  out,  alcohol  seems 
to  enact  the  role  of  a  fat-sparer  in  the  metabolic  process,  therefore  alco- 
holism is  a  common  cause  of  fatty  degenerations  and  a  primary  factor  in 
many  cases  of  obesity.  By  hindering  the  decomposition  of  carWiydrates, 
it  interferes  with  the  glycogenic  function  of  the  liver,  favoring  some  forms 
of  diabetes.  There  can  be  no  doubt  that  its  continued  administration 
may  be  a  causative  factor  in  that  alteration  of  protein  metabolism  which 
seems  to  be  the  basis  of  gout. 

EFFECT  ON  EXCRETORY  ORGANS.— The  elimination  by  the  kidneys 
and  other  organs  of  excretion  of  undecomposed  alcohol  irritates  these 
organs  and  is  a  factor  in  bringing  about  changes  in  their  stnicture  which 
may  seriously  interfere  with  the  normal  functions  of  the  affected  organs. 
In  this  way  the  habitual  consumption  of  more  alcohol  than  can  be  decom- 
posed in  the  body  may  lead  to  the  production  of  chronic  nephritis.  These 
changes  due  to  chronic  alcoholism  emphasize  the  very  great  importance 
of  ascertaining,  if  only  approximately,  just  how  much  alcohol  can  be  so 
completely  oxidized  in  the  body  that  there  will  be  none  left  over  to  exert 
the  ill  effects  and  injurious  influences  just  enumerated. 
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AMOUNT  OF  ALCOHOL  THAT  CAN  BE  COMPLETELY  OXIDIZED.— 
As  a  result  of  much  experimentation,  it  has  been  determined  that  from 
one  to  one  and  one-half  fluid  ounces  of  absolute  alcohol  is  the  maximum 
amount  which  can  be  completely  oxidized  in  the  human  system  during  a 
period  of  twenty-four  hours,  and  in  such  a  way  that  none  of  its  narcotic 
effects  are  manifested  and  no  unchanged  alcohol  appears  in  the  urine 
(Parkes).  It  is  estimated  that  this  quantity  of  alcohol  would  be  con- 
tained in  the  following  amounts  of  some  of  the  commoner  alcoholic 
drinks : 

Brandy  or  Whiskey  (50  per  cent  Alcohol)      2  fluid  ounces  or  1  glass 
Port,  Sherry,  and  other  strong  Wines  (20 

per  cent  Alcohol) 5  "         "         "     2^/2  glasses 

Claret,     Hock,     Champagne,     and     other 

Weaker  Wines  (10  per  cent  Alcohol)   10  "         "  equals  1  tumblerful 

Bottled  Beer   (5  per  cent  Alcohol) 20  "         "       "       1  imperial  pint 

Idiosyncrasy  or  personal  peculiarity  of  the  individual  plays  a  very 
large  part  in  determining  the  amount  of  alcohol  which  can  be  consumed 
by  a  person  without  injurious  effects  upon  health.  Some  persons  are  able 
to  burn  up  more  alcohol  than  others.  We  all  have  known  persons  who  are 
able  to  go  on  day  after  day  consuming  much  larger  quantities  of  alcohol 
than  mentioned  above  without  appreciably  interfering  with  their  normal 
condition.  Apart  from  these  personal  peculiarities  of  constitution,  it 
must  be  obvious  that  surroundings  and  environment  of  each  individual 
affect,  in  a  way,  the  amount  of  alcohol  which  can  be  imbibed  within  the 
bounds  of  safety.  Another  factor  which  must  influence  any  calculation 
as  to  the  amount  of  alcohol  which  can  safely  be  consumed  daily  is  the 
form,  mode  and  quantity  in  which  the  alcohol  is  taken.  It  is  clear  to 
the  careful  student  that  an  amount  of  alcohol  which  would  be  harmful 
if  swallowed  at  one  time,  may  be  free  from  danger  if  taken  in  smaller 
quantities  during  a  twenty-four-hour  period. 

Varieties  of  Alcoholic  Drinks — WHISKEY.— Whiskey,  according  to  the 
United  States  Pharmacopoeia,  is  a  spirit  obtained  from  fermented  grain 
by  distillation  and  contains  from  40  to  56  per  cent  by  volume  of  alcohol. 
It  should  be  free  from  disagreeable  odor  and  at  least  two  years  old.  It 
is  quite  important  to  clearly  distinguish  genuine  malt  whiskey  distilled 
from  malted  barley,  or  a  mixture  of  malted  and  unmalted  barley  from  a 
"pot-still,"  and  grain  whiskey  distilled  from  unmalted  grain,  such  as  bar- 
ley, oats,  corn  and  wheat,  which  is  prepared  in  the  "patent-still." 

Malt  WinsKEY. — Malt  whiskey  'is  prepared  from  malted  barley 
which  is  carefully  dried.     Then  it  is  made  into  a  "mash,"  making  a  true 
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beer.     The  nature  of  the  water  used  iu  ''lauHhing'*  in  suppoaed  to  have 
some  iiitlueuce  on  the  character  of  the  tinitthed  product,  uoft  water  being 

preferable. 

When  the  fermentation  of  the  ^'mash"  is  complete,  it  is  distilled  iu  tlie 
old-fashioned  "pot-still"  heated  over  an  open  fire.  This  is  a  poiut  of  some 
importance,  since  the  direct  heat  causes  some  of  the  sugjiry  sulintance  in 
the  mash  to  become  slightly  charred.  In  this  way,  among  other  things, 
the  substance  furfurol  (Cj^U^O^)  is  produced,  the  presence  of  which  is 
one  of  the  chief  distinguishing  characteristics  of  **pot-8tiir'  whiskey. 

Grain  Whiskey. — Grain  whiskey  is  nuide  from  a  mixture  of  grains, 
rye,  corn  and  barley,  with  just  a  sulKcicncy  of  malt  to  convert  this  starch 
into  sugar.  Various  other  substances  also  are  used  for  its  production, 
such  as  cane  sugar,  glucose,  molasses,  potatoes,  turnips,  beetroot,  etc. 
More  important  than  this  distinction,  however,  is  the  fact  that  it  is  dis- 
tilled in  a  patent  steam  still  in  such  a  way  that  the  by-products  of  fer- 
mentation (fusel-oil,  etc.)  are,  to  a  large  extent,  separated  from  the 
ethyl  alcohol.  The  raw  product  from  the  patent-still  has  much  less  flavor 
than  new  malt  whiskey,  but  it  has  the  advantage  of  being  ready  for  con- 
sumption much  sooner. 

This  kind  of  whiskey  is  stronger  and  harsher  than  malt  whiskey  and 
is  more  cheaply  made  because  the  cost  of  malting  is  saved.  Genuine  grain 
whiskey,  however,  is  made  from  the  fermentations  and  distillations  of  the 
wort  of  grain  rye,  corn  and  barley.  Kentucky  Bourbon  whiskey  is  made 
by  the  use  of  partially  malted  com  and  rye,  while  the  Monongahela  whis- 
key of  western  Pennsylvania  is  made  from  rye  with  10  per  cent  of  malt. 
Scotch  and  Irish  whiskies  are  made  from  malted  barley  mixed  with  other 
grains  and  distilled  in  the  old-fashioned  pot-still. 

The  fresh  distilled  whiskey,  called  raw  whiskey,  is  unfit  to  drink  until 
after  it  has  been  aged  by  storage,  allowing  various  chemical  changes  to 
take  place.  The  color  of  genuine  whiskey  is  in  part  due  to  the  material 
from  which  it  is  made,  and  in  part  to  the  way  in  which  it  is  stored.  The 
process  of  maturation  consists  of  certain  changes  in  the  spirit  attended 
by  softening,  with  the  development  of  aroma  and  a  deepening  of  the 
color.  The  bouquet  depends  largely  upon  the  material  from  which  the 
liquor  was  obtained  and  the  methods  of  preparation.  Thus  malt  whiskey 
develops  a  distinguishable  flavor  formed  in  no  other  whiskey.  Whiskey 
from  potatoes  has  a  very  faint  odor  of  violets.  Pot-still  whiskey  devel- 
ops a  flavor  never  found  in  patent-still  whiskey.  The  proper  time  for 
maturation  should  be  from  five  to  eight  years.  New  whiskey  contains  a 
varying  proportion  of  the  higher  alcohols,  which  are,  for  convenience. 


584  STIMULANTS 

commonly  classed  together  as  "fusel-oil."  This  term  includes  the  follow- 
ing substances:  iso-amyl  alcohol,  propyl  alcohol  and  normal  butyl  alco- 
hol. Eusel-oil  is  injurious  to  living  organisms  and  speedily  poisons  small 
animals.  In  man  it  produces  rapid  intoxication,  followed  by  headache, 
depression  and  general  nervous  indisposition. 

Moonshine  Whiskey. — "Moonshine"  whiskey  is  a  product  made  in 
the  mountainous  sections  of  the  United  States  from  grain,  corn,  wheat, 
rye  and  potatoes  by  most  crude  methods  without  the  supervision  of  the 
Internal  Eeveiiue  Department  of  the  United  States  Government.  The 
preparations  of  materials  used  in  making  "mash"  for  distillation  is  usu- 
ally, cornmeal,  0.8  per  cent;  rye,  0.1  per  cent;  malt,  0.1  per  cent.  This 
mixture  is  placed  in  tubs  and  scalded  with  "slop,"  the  refuse  from  former 
distillation.  After  cooling  it  is  raked,  or  mixed  by  a  stick  called  a 
"masher."  Water  is  added  and  the  mass  ferments  for  two  or  three  days. 
Sweet  mash  whiskey  is  made  by  scalding  the  mash  with  water  instead  of 
slops,  with  yeast  added  to  induce  fermentation.  Sour  mash  whiskey  is 
made  without  yeast  but  with  slop.  The  wort  is  then  heated  by  steam,  and 
the  low  wines,  called  "singlings,"  are  run  off  from  the  residue  or  slop  and 
redistilled.  The  whiskey  is  now  ready  for  barrelling.  As  before  stated, 
new  whiskey  is  unfit  for  consumption,  and  after  barrelling  it  should  be 
stored  and  allowed  to  ripen  for  fi\Q  years.  The  pot-still  is  so  ancient  that 
the  date  of  its  origin  is  unknown.  It  is  probable  that  the  modern  patent- 
still  has  been  evolved  from  the  primitive  stills  which  even  now  are  used  in 
Ceylon  and  the  Malay  Archipelago,  where  the  art  of  distilling  is  believed 
to  have  originated. 

At  least  two  distillations  are  necessary  when  the  pot-still  is  used  so 
as  to  produce  a  spirit  of  proof  strength,  i.e.,  50  per  cent  alcohol,  and  re- 
peated fractional  distillation  is  required  to  separate  the  alcohol  from 
the  water  and  oils,  as  in  the  manufacture  of  spirits  of  wine.  The  product 
of  the  pot-still  is  always  uniform  in  character.  No  matter  what  is  the 
source  of  the  spirit,  it  is,  as  previously  stated,  a  grain  spirit  and  is  made 
from  raw  grain  such  as  barley,  oats,  corn  or  potatoes,  etc.  The  process  of 
malting  brings  about  changes  in  the  grain  which  are  unobtainable  by 
other  means.  These  changes  are  the  source  of  differences  between  mature 
pot-still  whiskey  made  from  malt  and  mature  patent-still  whiskey  made 
from  unmalted  grain. 

Patent-Still  vs.  Pot-Still  Whiskey. — Various  controversies  have 
taken  place  as  to  the  respective  merits  of  pot-still  and  patent-still  whis- 
key (32).  On  the  one  hand,  it  is  claimed  that  pot-stilled  whiskey  alone 
retains  the  flavor  which  is  derived  from  malt  and  the  effects  of  heat.    Just 
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as  wine  depends  for  its  flavor  upon  the  substttnco  used,  so  does  whiskey. 
iMalt  whiskey  obtained  by  means  of  the  pot-still  retains  a  rich  malty 
liavor.  This  flavor  is  distinctly  rei-ognizcd  in  i^t-still  whiskey,  but  is  ab- 
sent from  the  patent-sti-11  product.  "The  main  diflerenciw  in  the  two 
varieties  of  whiskey  may  Im  briefly  summarized  as  follows": 

(a)  Patent-still  whiskey  contains  nmch  less  of  the  by-products  of  fer- 
mentation, fusel-oil,  etc.,  than  pot-still  whiskey  and  is  therefore  a  much 
purer  product. 

(6)  Pot-still  whiskey  improves  with  age  while  patent-still  whiskey 
does  not  im})rove  so  much  froui  agiug. 

(c)  Young  patent-still  whiskey  is  much  safer  to  drink  than  young 
pot-still  whiskey,  but  the  latter  when  fully  nnitured  has  a  fuller  and 
pleasanter  flavor  than  the  former. 

Most  of  the  commercial  whiskies  are  blends  of  malt  and  grain  wh\th 
kies  and  are  not  the  product  of  one  distillery,  (irain  whiskey  is  often  used 
as  a  basis  of  the  blend,  a  certain  percentage  of  malt  being  added  for  the 
purpose  of  proper  flavoring. 

BRANDY.— Brandy  is  the  spirit  distilled  from  the  fermented  juice  of 
grapes  and  other  fruits.  It  is  made  in  most  wine-growing  countries,  but 
the^best  known  brandies  come  from  France,  Spain,  Portugal  and  Cali- 
fornia. White  wine  contains  6  to  8  per  cent  of  alcohol  and  is  generally 
used  for  making  the  best  brandy.  The  wine  itself  is  often  harsh  and 
unfit  for  consumption.  The  distillation  is  carried  on  in  the  old-fashioned 
pot-still  having  a  large  boiler  with  a  bulbous  head  which  collects  the 
scum  and  some  of  the  water  thrown  up  in  boiling.  The  distillate  is  con- 
densed by  running  through  a  ^Svorm"  surrounded  by  cold  water.  "The 
process  is  that  of  fractional  distillation  and  consists  of  two  distinct  dis- 
tillations. In  the  first  operation  the  distillate  is  divided  into  three  parts 
which  are  collected  separately.  The  first  part  contains  the  crudities  of  the 
wine  and  is  returned  to  the  still ;  the  middle  running  is  the  best  part  and 
is  used  in  the  second  distillation;  and  the  third  part  or  tailings  is  min- 
gled with  fresh  wine  to  be  redistilled.  The  second  part  constitutes  the 
brandy,  and  the  tailings  are  used  to  make  a  second  grade  of  brandy." 

Apple  Braivdy. — Apple  brandy — cider  brandy,  applejack — is  a  dis- 
tilled liquor  made  by  the  distillation  of  apple  cider.  It  contains  the  natu- 
ral organic  acids  and  ethers  of  the  apple  which  impart  to  the  brandy  a 
peculiar  flavor,  which  is  not  so  agreeable  as  that  obtained  from  the  dis- 
tillation of  fermented  grape  juice  in  making  grape  brandy.  Apple  brandy 
usually  contains  from  40  to  50  per  cent  of  alcohol.  Peach  brandy  is  made 
by  distilling  the  pomace  of  ripened  peaches  by  means  of  the  old-fashioned 
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"pot-still";  apricot  brandy  is  a  similar  product.  Both  varieties  have  a 
very  pleasing  bouquet. 

All  brandy  is  a  clear,  colorless  spirit  when  new,  and  is  only  fit  for  use 
after  remaining  in  wooden  casks  for  some  years.  The  color  then  becomes 
brown  from  the  extractives  of  the  wood  and  various  aromatic  ethers,  alde- 
hydes and  other  products.  The  propyl,  butyl  and  amyl  alcohols,  origi- 
nally present  and  more  or  less  injurious,  are  decreased  by  age.  Furfurol, 
which  is  always  present  in  genuine  brandy,  rapidly  diminishes  with  age. 
The  percentage  of  alcohol  in  all  brandies  is  about  50  per  cent. 

Fictitious  Brandy. — Much  of  the  brandy  on  the  market  is  a  ficti- 
tious blend  and  not  a  pure  distillate  of  fermented  grape  juice.  It  may 
therefore  be  termed  fictitious  brandy.  The  product  is  a  mixture  of  neu- 
tral, silent  or  grain  spirit  (produced  by  the  distillation  of  rice,  rye,  corn, 
beetroot,  potatoes,  glucose,  etc.)  colored  with  prune  juice  or  caramel  and 
flavored  with  cognac  essence.  It  is  a  clever  imitation,  but  in  such  bran- 
dies the  flavor  vanishes  immediately  it  is  tasted  and  leaves  a  dryness  on 
the  tongue.  There  arc  other  differences  between  fictitious  and  genuine 
brandy:  that  made  from  grain  spirit  contains  no  furfurol  and  no  appre- 
ciable quantity  of  higher  alcohol  or  ethers,  excepting  what  are  added  to 
it.  The  color  of  fictitious  brandy  Is  usually  deeper  than  that  of  the  genu- 
ine spirit  and  is  due  to  the  addition  of  prune  juice  or  burnt  sugar.  It  is 
sometimes  "fortified"  by  adding  bitter  almond  shells  or  tincture  of  cap- 
sicum. The  genuine  brandy  is  not  usually  diluted  excepting  by  the  addi- 
tion of  water  to  "extend"  it  and  caramel  to  restore  the  color  of  the  diluted 
article. 

RUM. —  Bum  is  a  spirit  distilled  directly  from  sugar  cane  products  in 
sugar-growing  countries  and  is  usually  produced  by  the  distillation  of  fer- 
mented molasses  obtained  in  the  manufacture  of  raw  sugar.  The  best 
qualities,  however,  are  obtained  by  direct  fermentation  of  the  juice  of  the 
freshly  harvested  sugar  cane.  The  spirit  contains  by-products  of  fermen- 
tation, which  impart  to  rum  its  characteristic  flavor. 

Genuine  rum  is  of  two  distinct  types:  (a)  Jamaica  rum  and  (h) 
Demerara  rum.  The  former  is  distilled  from  liquor  having  a  high  orig- 
inal gravity  and  which  undergoes  slow  fermentation  for  from  ten  to 
twelve  days ;  the  latter  is  distilled  from  a  so-called  "wash,"  having  a  low 
original  gravity  and  which  ferments  rapidly  for  a  period  varying  from 
thirty-six  to  forty-eight  hours.  In  addition  to  these  two,  many  imitation 
and  mixed  rums  are  sold.  They  are  manufactured  from  grain  spirit  and 
butyrate  of  ethyl,  while  burnt  sugar  is  used  as  a  coloring  agent.  In 
contrast  with  this  motley  assortment  of  counterfeit  preparations,  genuine 
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ruin  is  that  made  in  Jamaica  from  fermentcHl  juice  of  sugar  cam-,  ami  h 
of  une(iualled  quality.  An  analogous  instance  is  that  the  characteristic 
riavor  of  gvimine  brandy  can  1k'  ohtaimMl  only  from  the  fermented  juice 
of  grapes.  The  nietliod  of  diHtillation  and  maturation  is  similar  to  tliat 
used  in  the  manufacture  of  other  spirits,  and  the  prtx'css  of  maturation 
is  much  like  that  taking  place  in  whiskey  and  brandy.  This  has  already 
been  described. 

Hum  spirit,  like  malt  whiskey,  improves  greatly  in  flavor  by  the  de- 
velopment of  ethers  in  which  it  is  peculiarly  rich.  The  product,  like  old 
wine,  improves  with  age  and  usually  g(M's  into  consumption  at  about  the 
same  alcoholic  strength  and  age  as  malt  whiskey.  Rum  «)ntain8  a  notable 
amount  of  furfurol  and  is  highly  acid.  'vFine  old  Jamaica  rum,  well  ma- 
tured, is  soft  to  the  palate  and  has  a  mellow  flavor  and  aroma,  due  to  tlio 
natural  combination  of  ethers  and  aldehyds."  Its  alcoholic  content  iB 
about  70  per  cent  by  volume. 

GIN.— Gin  is  a  spirit  distilled  from  the  mixture  of  malt,  grain  and 
various  other  substances  which  give  to  the  liquor  special  properties, 

(a)  Holland  gin  is  manufactured  from  a  mash  of  the  cereals  men- 
tioned, distilled  three  times  in  a  pot-still,  with  juniper  l)crrics  being  added 
to  the  last  distillation.  The  product  is  then  run  off  into  underground  cis- 
terns lined  with  white  tile,  where  the  spirit  can  be  kept  without  danger 
of  absorbing  coloring  matter. 

(h)  Irish  gin  is  made  from  the  same  cereals  with  a  combination  of 
aromatic,  carminative  and  diuretic  substances  derived  from  angelica  root, 
calamus,  cardamon,  cassia,  cinnamon,  coriander,  juniper,  fennel,  grains 
of  paradise,  licorice,  orris  root  and  other  substances. 

(c)  "Old  Tom"  gin  is  a  London  beverage  made  by  the  addition  of 
cane  sugar  to  gin  made  after  the  Irish  formula. 

Much  so-called  gin  is  a  fictitious  product,  manufactured  out  of  grain 
spirit  flavored  with  salt,  juniper  berries  and  the  oil  of  turpentine,  Xew 
or  raw  gin  is  as  injurious  as  new  malt  whiskey  or  brandy,  and  undergoes 
changes  somewhat  similar  to  those  which  have  been  described  in  connec- 
tion  with  other  spirits.  In  composition,  gin  resembles  beet  spirit  more 
than  any  other;  the  ethers  and  higher  alcohols  are  comparatively  insig- 
nificant; the  secondary  products  are  therefore  small  in  amount.  Un- 
sweetened and  dry  gin  contains  about  45  per  cent ;  the  Irish  and  Holland 
gins  run  about  35  to  43  per  cent,  and  the  Old  Tom  gin  varies  from  40  to 
50  per  cent  of  alcohol. 

LIQUEURS.— Liqueurs (33)  are  spirituous  beverages  having  a  high  per- 
centage of  alcohol.     They  are  sweetened  with  cane  sucar.  while  the  flavor- 
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ing  consists  of  essences,  ethers,  herbs,  which  may  be  aromatic,  and  in 
certain  instances  bitter  substances.  Originally  these  spirits  were  distilled 
from  the  fermented  liquor  derived  from  herbs,  barks,  roots  and  seeds. 
Now,  however,  they  are  offered  in  the  form  of  tinctures  of  these  articles 
which  have  been  made  with  grain  spirit,  spirits  of  wine  and  the  like. 
Laborde,  in  a  communication  to  the  French  Academy  of  Medicine,  ap- 
pearing in  the  Lancet,  1902,  Volume  II,  page  49,  says; 

Liqueurs  are  now  largely  made  of  artificial  essences.  Genuine  vegetable  essences 
are  bad  enough,  but  these  are  not  used  now.  The  essences  are  made  of  synthetic 
flavorings,  which  are  more  poisonous  than  the  vegetable  essences.  Synthetic 
essence  of  anisette  contains  a  quantity  of  hydrocyanic  acid  and  the  inhalation  of 
the  vapor  from  this  essence  has  been  sufficient  to  cause  grave  syncope  followed 
by  illness  lasting  several  days.  Chartreuse  essence  contains  thirteen  poisonous 
substances  which  bring  about  serious  effects. 


Brouardel,  in  discussing  liqueurs  in  the  London  Lancet,  says: 
"Liqueurs  were  formerly  distilled  from  wine  holding  aromatic  substances 
in  solution ;  they  are  now  simply  solutions  of  essences  in  rectified  alcohol. 
Like  absinthe,  they  cause  drunkenness,  loss  of  sensation  and  motion  and 
veritable  attacks  of  epilepsy.'' 

Laborde  in  summing  up  the  harmful  influences  to  the  public  health 
from  the  consumption  of  liqueurs  considers  that  absinthe  and  its  com- 
pounds, chartreuse,  gin,  noyau,  vermouth,  vulnerary  and  Angostura  bit- 
ters, should  be  absolutely  forbidden  to  be  sold,  except  for  medicinal  pur- 
poses, and  that  public  authorities  ought  to  forbid  the  manufacture  or  sale 
of  these  drinks.  He  asserts  that  Tulnerary  contains  at  least  15  per  cent 
of  poisonous  substances. 

Composition  of  Liqueurs. — The  proportion  of  alcohol  in  liqueurs  Is 
high,  following  from  83  to  50  per  cent  or  more  by  volume.  The  propor- 
tion of  the  other  ingredients  is  shown  in  the  analysis  (on  page  589)  of 
some  of  the  most  prominent  of  this  class  of  alcoholic  beverages,  taken 
from  Konig  and  Rupp. 

Absinthe. — Absinthe  is  one  of  the  spirituous  liqueurs.  It  contains 
the  essential  oils  of  a  number  of  aromatic  herbs  having  antispasmodic 
properties.  Among  these  herbs  are  cloves,  cinnamon,  wormwood,  angelica, 
marjoram  leaves,  sweetflag  and  parsley.  They  are  macerated  in  a  40 
per  cent  spirit.  The  greenish-yellow  or  opalescent  color  is  produced  by 
the  chlorophyll  of  the  green  leaves  of  spinach,  wormwood,  hyssop  and 
veronica.    Eecently  artificial  coloring  agents  have  been  used  in  the  liqueur. 
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THE  ALCOHOL  CONTENT  OF  V^UllUUS  UQUEUR8 


Alcohol 

Extract 

Cane 
Sugar 

Secondary 
ProclucU, 
Oilj»,  cUj. 

Weight 

Volume 

Ash 

Absinthe 

30.7 
38.5 

36.6 
42.5 
24.8 

58.93 
49.70 
42.00 
52.(X) 
43.18 
48.00 
55.00 
33.00 

.18 
5.95 
34.82 
36.00 
36.11 
28.28 
28.60 
32.02 

4.16 
34.44 
32.57 
34.37 
27.6.3 
28..50 
31.18 

.32 

1.60 

.38 

3.43 

1.76 

.65 

.10 

.84 

Angostura  Bitters.  . . 
Anisette 

.068 
.068 
.406 

Benedictine 

Chartreuse. .  .  . 

Crenie  de  Menthe .  . . 
Curacoa 

.043 
.040 

.a58 

Kiiinmel 

This  beverage  was  first  introduced  in  the  French  Army  in  1844,  hut 
is  now  prohibited.  Its  consumption  produces  the  customary  effects  of 
alcohol  exaltation  of  the  nervous  system,  "quickening  of  the  circulation  and 
increase  of  appetite  due  to  these  bitter  principles;  but  this  is  followed  by 
a  depression  which  may  be  profound,'^  leaving  deleterious  effects  on  the 
nervons  system  such  as  headache,  giddiness  and  loss  of  memory,  with  the 
subsequent  degeneration  of  mental  and  moral  faculties  ultimately  leading 
to  extreme  depravity.  The  Federal  Government  of  this  country  recog- 
nizing the  danger  of  absinthe  drinking  has  prohibited  its  importation  and 
interstate  commerce  in  the  United  States.  The  primary  physiological 
effect  is  one  of  exaltation  to  the  nervous  system,  a  quickening  of  the  circu- 
lation and  increase  of  the  appetite  and  digestion;  but  is  followed  by 
depression  which  may  be  profound.  According  to  Mangan  {Lancet ,  I, 
739,  1887),  absinthe  drunkenness  or  poisoning  is  attended  by  sudden 
and  severe  headache  and  giddiness,  delirium  in  which  hallucinations 
affecting  the  special  senses  predominate,  epileptiform  attacks,  loss  of 
consciousness,  and,  on  recovery,  loss  of  memory;  followed  by  hysterical 
manifestations. 

Angostura  Bitters. — Angostura  bitters  is  really  a  tincture  of  An- 
gostura bark  and  various  spices  slightly  sweetened  with  sugar.  It  is  made 
largely  in  Trinidad. 

Benedictine. — Benedictine  is  a  liqueur  originally  made  at  the  Abbey 
of  Fecamp  in  northern  France  as  early  as  1510  by  the  Benedictine  Monks 
of  the  Abbey.  It  is  a  strong  alcohol  flavored  with  various  essential  oils 
and  herbs.     The  exact  constituents  are  a  trade  secret 

Chartreuse. — Chartreuse  is  made  at  the  Carthusian  Abbey  near 
Grenoble,  France.     Its  manufacture  furnishes  a  considerable  revenue  to 
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the  monks  of  the  abbey.  This  liqueur  is  made  from  alcohol  distilled 
with  angelica,  hyssop,  nutmeg,  peppermint,  and  sweetened.  Like  other 
liqueurs,  chartreuse  is  now  made  principally  from  volatile  oils  and  essences 
instead  of  from  herbs  and  spices. 

Ckeme  be  Menthe. — Creme  de  menthe,  if  genuine,  is  a  liqueur  made 
by  distilling  a  fermented  decoction  of  mint,  sage,  balm,  cinnamon  and 
ginger,  sweetened  with  sugar  and  colored  with  chlorophyll.  The  herbs 
are  macerated  with  the  roots  and  bark  in  the  alcohol  for  fourteen  days, 
filtered  and  sweetened  with  sugar.  Often,  however,  this  liqueur  is  clearly 
a  tincture  sweetened  and  artificially  colored  with  analine  dyes. 

CuRACOA. — Curacoa  is  a  liqueur  somewhat  simpler  than  most  bever-« 
ages  of  this  class.     It  is  made  in  Amsterdam  from  the  peel  of  bitter 
oranges  imported  from  the  island  of  Curacoa.     The  peel  is  macerated 
and  distilled  with  spirit  sometimes  flavored  with  small  quantities  of  Ja- 
maica rum.     It  is  sweetened  with  sugar  and  caramel  added  to  give  color. 

KiRSCHWAssER. — Kirschwasscr  is  a  liqueur  made  from  crushed  cher- 
ries grown  in  the  Black  Forest.  This  is  a  very  popular  drink  among  the 
Germans.  It  is  made  by  the  distillation  of  crushed  fermented  cherries. 
It  has  the  taste  and  odor  of  cherry  pits  and  contains  about  50  per  cent 
alcohol. 

KiJMMEL. — Klimmel  is  a  liqueur  made  from  a  fermented  infusion  of 
cumin  and  coriander  seeds  sweetened  with  sugar.  It  is  now  made  from 
a  tincture  of  cumin  and  coriander  mixed  with  brandy  and  sweetened  with 
sugar. 

Maraschii^o. — Maraschino  liqueur  is  made  from  small  sour  Dalma- 
tian cherries  from  Marasca,  Italy.  The  cherry  is  crushed  together  with 
the  pits,  mixed  with  honey,  fermented  and  distilled.  The  imitation  is 
made  from  crushed  wild  cherries,  peach  pits,  cherry  leaves,  raspberries 
and  nuts.  These  are  macerated  for  fourteen  days  in  alcohol  of  85  per 
cent  strength  and  sweetened  with  sugar  in  the  same  way  as  creme  de 
menthe. 

Mead. — Mead  is  a  vinous  beverage  manufactured  from  honey  by 
mixing  it  with  hot  or  boiling  water  in  equal  quantities.  To  the  mixture 
are  added  certain  spices,  a  portion  of  ground  malt  and  a  piece  of  toasted 
bread  to  aid  the  process  of  fermentation.  There  is  no  question  but  that 
mead  formed  the  favorite  beverage  of  the  !N'orthern  people  for  many 
centuries;  it  is  also  frequently  mentioned  in  Ossian. 

Mescal. — Mescal  is  a  distilled  beverage  made  by  the  Apache  Indians 
and  other  natives  of  IN'ew  Mexico  from  a  species  of  cactus  (Maguey) 
having  heavy  succulent  leaves  and  turnip-like  roots.     After  roasting,  the 
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product  18  "pulped"  Iwtween  rocks  and  tlie  juico  which  exiidet*  i»  allowed 
to  ferment.  This  is  the  higer  Ix^er  of  Mexico,  and  is  known  as  "pulque." 
It  is  held  that  the  injurious  effects  of  this  l)cverapc  are  not  so  much  duo 
to  the  aleohol  contained,  as  to  the  products  of  fcnnciitation.  Mescal  is 
fermented  in  the  skins  of  hogs  and  cows  and  is  sold  from  those  receptaclea. 

Mktiieglin. — ^letheglin  is  a  vinous  li(pior  extracted  from  honey. 
It  is  made  as  follows:  one  part  strained  honey  and  three  parts  boiling 
water,  to  which  aromatic  spices  are  added.  The  mixture  is  poured 
into  a  cask  and  fermentation  allowed  to  proceed  in  the  usual  manner. 
Metheglin  has  been  used  as  a  Iwvera^e  by  primitive  jwoplcs  from  time 
immemorial.  It  was  known  and  used  by  the  nations  of  Southern  Europe 
and  the  barbarous  tribes  of  the  more  Northern  countries.  Metbeglin 
was  a  favorite  beverage  in  England  just  after  the  usurpation  of  William 
the  Conqueror.  The  English  emigrants  to  the  New  World  brought  with 
them  the  knowledge  of  its  manufacture,  and  even  today  nietheglin  is 
still  made  in  rural  sections  inhabited  by  the  descendants  of  the  original 
English.  Pliny  says  it  has  all  the  bad  qualities  of  wine  and  none  of  the 
good  ones.  It  has  a  high  alcoholic  content,  and  forms  a  very  seductive 
and  inviting  potation,  producing  an  intoxication  somewhat  simulating 
that  due  to  absinthe.  A  reputable  physician  practicing  in  upper  New 
York  state  reports  to  the  author  a  remarkable  case  of  intoxication,  which 
lasted  from  Saturday  until  the  following  Tuesday,  from  rather  lilxjral 
indulgence  of  this  vinous  concoction,  during  which  time  the  subject  lost 
all  knowledge  of  person,  place  or  time. 

Eatafia. — Ratafia  is  a  general  term  applied  to  a  variety  of  liqueurs 
and  cordials  made  in  the  south  of  France  from  cherry  fruits,  spices  and 
herbs,  fermented,  distilled  and  subsequently  sweetened.  It  usually  eon- 
tains  about  25  per  cent  of  alcohol. 

Vermouth. — Vermouth  is  a  liqueur  made  in  France  and  Italy  from 
white  wine  wdiich  is  ''fortified"  with  various  extracts  including  worm- 
wood, etc.,  distilled  and  sweetened  with  20  per  cent  of  sugar,  then  exposed 
in  casks  to  the  direct  rays  of  the  sun  for  some  time. 

Effect  of  Liqueurs  on  Digestion. — Liqueurs  contain  a  very  high 
percentage  of  ethyl  alcohol,  with  the  admixture  of  other  high  grade  alco- 
hols such  as  propylic,  butylic,  amylic,  etc.,  and  of  ethers  in  varying  quan- 
tities, by  no  means  negligible.  Such  liqueurs  are  the  highest  grade  of 
spirituous  preparations.  If  the  average  unfortunate  man  knew  the  nature 
of  these  admixtures  that  are  put  into  what  are  given  him  to  drink,  he  no 
doubt  would  be  more  cautious  and  reserved  in  his  potations. 

Liqueurs  taken  at  the  end  of  a  heavy  meal  may  perhaps  give  a  fillip 
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to  digestion  and  counteract  to  some  extent  any  retarding  influence  due  to 
the  cofl:'ee  taken  during  the  meal,  but  the  large  quantity  of  sugar  which 
they  contain  may  in  the  process  of  digestion  be  a  prolific  cause  of  acidity. 
On  the  process  of  digestion,  the  action  of  liqueur  is  practically  iden- 
tical to  that  of  pure  alcohol.  Liqueurs  can  only  delay  digestion  by  virtue 
of  the  alcohol  which  they  contain.  In  moderate  quantities,  the  influence 
is  probably  favorable  rather  than  otherwise,  owing  to  the  vegetable  bitters 
which  they  contain.  Their  acidity  is  so  slight  that  they  have  but  small 
untoward  efl'ect  on  salivary  digestion. 

CONCLUSIONS  AS   TO    THE    USE    OF  ALCOHOL 

Alcohol  is  undoubtedly  an  unnecessary  article  of  diet  in  normal 
health,  but  it  can  be  consumed  without  harmful  effects  within  certain 
limits  in  quantities  up  to  two  ounces  per  day,  the  maximum  amount  that 
can  be  metabolized  by  the  average  individual  within  twenty-four  hours. 
!For  some  this  estimate  is  too  low,  while  for  others  even  this  amount  can- 
not be  utilized  without  unpleasant  after-effects. 

From  the  foregoing  study  of  alcohol  and  its  various  preparations,  we 
have  been  able  to  determine  that  its  use  as  a  food  is  practically  nil ;  that 
it  can  replace,  only  to  a  certain  extent,  a  small  amount  of  fat  and  perhaps 
also  an  infinitesimal  amount  of  carbohydrate  in  the  body,  while  its  sec- 
ondary effects  on  the  nervous  and  muscular  system  counteract,  to  a  large 
extent,  the  benefits  derived  from  the  production  of  heat  and  energy  by  its 
oxidation. 

Clinical  experimentation  has  shown  that  the  consumption  of  alcohol 
does  not  favorably  induce  sustained  muscular  effort  and  that  on  the  other 
hand  it  may  even  do  harm  by  paralyzing  the  sense  of  fatigue  which  is  the 
natural  check  on  excessive  exertion.  Its  use  does  not  stimulate  the  per- 
formance of  mental  labor,  but  instead  retards  mentality  unfavorably  in 
the  performance  of  perfectly  healthy  brain  work.  Abel  in  writing  on  the 
"Physiological  Aspects  of  the  Liquor  Problem"  says :  "He  who  has  men- 
tal labor  of  an  exacting  kind  to  perform,  and  he  upon  whom  great  respon- 
sibilities devolve,  is  forced,  if  he  would  be  at  his  best,  to  use  alcohol  as  a 
restorative  agent  only  at  the  proper  time  and  place,  as  he  would  other 
pleasures  and  luxuries  in  his  environment."  There  can  be  no  question 
but  that  even  daily  moderate  drinking  reduces  considerably  the  rapidity 
with  which  the  habitual  association  of  ideas  are  formed  in  the  mind. 

The  effect  of  alcohol  is  cumulative  and  increases  as  time  goes  on.  The 
idea  that  alcohol  "stimulates"  a  person  to  the  performance  of  mental  tasks 
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is  not  founded  on  fact ;  neither  is  tlie  widespread  notion  that  its  use  helps 
an  artisan  in  his  task  c<>iTolM)rated  l)v  trsts. 

The  work  of  scicntirtc  investigators  has  iikfwise  robbed  ah-oliul  of 
its  traditional  glory  as  a  digestive  stimulant.  While  it  is  granted  that 
alcohol  does  at  first  stimulate  the  digestive  organs,  yet  this  effect  is  coun- 
terbalanced by  its  inhibitory  effect  upon  the  chemical  proooM  of  dige*- 
tion. 

It  is  the  opinion  of  careful  students  of  the  subject  that  the  moder- 
ate use  (two  ounces  per  day)  of  alcohol  in  health  is  harmless,  but  Dr. 
Murchison  on  the  other  hand  asserts  that  (a)  "a  man  in  good  health  does 
not  require  alcohol  and  is  probably  better  off  without  it.  Its  occasional 
use  will  do  him  no  harm;  its  habitual  use,  even  in  moderation,  may,  and 
often  does,  induce  disease  gradually;  (h)  there  are  a  large  number  of  in- 
dividuals in  modern  society  to  whom  alcohol,  even  in  moderate  amount, 
is  a  positive  poison." 

The  use  of  alcohol  in  disease  is  a  subject  on  which  volumes  have  been 
written.  It  undoubtedly  has  a  place  in  disease,  but  like  other  poisons  and 
narcotics  should  be  prescribed  with  caution.  Just  as  the  effect  of  alcohol 
on  the  digestion  is  the  test  for  its  value  in  health,  so  its  effects  upon  the 
circulation  and  nervous  system  are  the  criterion  of  its  usefulness  in  most 
cases  of  acute  disease. 

Alcohol  may  be  employed  in  fevers  and  other  wasting  diseases,  where, 
by  its  oxidation,  it  limits  the  destruction  of  the  bodily  tissues,  reduces  the 
temperature  and  stimulates  the  heart  and  circulation.  A  dry  brown 
tongue,  restlessness  and  a  feeble,  irregular  pulse  are  indications  for  its 
use.  It  is  best  given  in  the  form  of  whiskey  or  brandy  in  definite  quan- 
tity, according  to  the  condition  of  the  pulse  and  heart,  the  general 
strength,  the  height  of  the  fever,  the  ability  to  take  nourishment  and  the 
age  and  previous  habits  of  the  patient.  It  is  not  indicated  in  every  caae 
of  fever,  and  many  cases  will  be  aggravated  by  its  use. 

Armstrong  and  Greves  found  (a)  it  is  doing  good  if  the  tongue  be- 
comes moist,  the  pulse  slower,  the  breathing  more  tranquil  and  the  skin 
moist;  (6)  it  is  doing  harm  if  the  tongue  becomes  dry  and  brown,  the 
pulse  quicker,  the  respirations  more  rapid  and  the  skin  hot  and  parched. 
Young  children  and  aged  persons  bear  stimulants  well. 

Habitual  drinkers  when  coming  to  the  sick  bed  do  not  react  to  stimu- 
lation. Alcohol  is  lauded  as  a  check  to  tissue  waste  in  febrile  conditions 
so  marked  in  prolonged  wasting  diseases,  though  we  have  seen  reason  to 
doubt  this — at  least  so  far  as  nitrogenous  tissues  are  involved.  There  are 
reasons  for  the  theory  that  alcohol  actually  increases  the  resisting  power 
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of  the  body  to  the  poisonous  toxins  of  septic  fevers.  In  some  chronic  dis- 
eases, such  as  diabetes,  alcohol  is  used  advantageously  to  replace  a  certain 
amount  of  carbohydrate  in  the  diet. 


WINE  (34) 

Wine  is  produced  by  the  fermentation  of  grape  juice.  The  juice 
is  first  extracted  from  the  grape  by  pressing  and  kept  for  a  few  days  at 
ordinary  temperature,  when  it  changes  into  wine,  the  dextrose  and  levu- 
lose  content  being  transformed  into  alcohol  and  carbonic  acid  gas  accord- 
ing to  the  following  equation: 

CeH.^Oe   +   CeHi^O,  -=  4.C,Il,0   +   400^ 
Dextrose         Levulose  Alcohol        Carbon 

dioxid 

The  ferment  which  produces  these  changes  is  present  in  the  grapes 
or  their  stalks  and  in  the  atmosphere  of  the  manufactories.  There  are  a 
number  of  factors,  such  as  the  character  of  the  grape  utilized,  its  cultiva- 
tion and  the  method  of  manufacturing,  that  enter  into  the  production  of 
good  wines.  Wine  has  been  celebrated  from  time  immemorial,  as  indi- 
cated in  the  writings  of  ancient  peoples,  such  as  the  Hebrews,  Chaldeans, 
Greeks  and  Eomans.  About  the  year  2347  b.c.  we  hear  that  "N^oah 
planted  a  vineyard  and  drank  the  wine  thereof." 

Composition  of  Wine. — Dupre(35),  writing  on  "What  is  Wine?",  gives 
the  constituents  of  grape  juice  and  the  wine  manufactured  from  it.  Ac- 
cording to  his  investigations  grape  juice  or  "must"  contains:  ^ 

Water  Vegetable  Mucus 

Grape  Sugar  1 1  n  +«  on  ^^«  ««,,+  Essential  Oils 

Fruit  Suglr    1 10  to  30  per  cent  Extractives 

Malic  Acid  Mineral  substances 

Tartaric  Acid  Tannic  Acid 

Racemic  Acid  Coloring  MatterslFrom  the  Skins  and 

Albuminous  Substances  Fatty  Substances}    Kernels 

He  also  found  on  analysis  that  wine  contains  the  following: 

Water  Ethers  of  foregoing  Alcohols  and  Acids 

feSMotoepercent  ^^ 

Ethylic  Alcohol    |  Carbonic  Acid  and  Ammonia 

Propylic  Alcohol  f  5  to  22  per  cent  Trimethylamin 

Butylic  Alcohol    J  Oils  produced  by  Fermentation 


1  Taken  from  Popular  Science  Monthly,  vol.  vii,  by  Hutchison,  p.   576;   Ruhrah, 
184. 
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Amylic  Alcohol  Alhumiiiouij  Matter 

Other  higher  Alcohols  Vegetable  Mucua 

Malic  Acid 

Tartaric  Acid 

Raceinic  Acid 

Succinic  Acid 

Acetic  Acid 

Formic  Acid 

Propionic  Acid 

Butyric  Acid 


Coloring  Matter 
Tannic  Arid 
Extractives 
0.3  to  0.8  per  cent  Min^nU  Maiicr»,  U.15  to  0.6  i»er  cent 


Preparation  of  Wine — The  wine-nuiking  season  begins  about  tlio  mid- 
dle of  August  and  ends  the  last  of  ScptenikT.  The  juice  of  the  grapes 
is  expressed  in  a  wine  press,  unripe,  decayed  or  withered  fruit  being  care- 
fully rejected.  Great  care  should  be  taken  in  expressing  the  juice  to 
avoid  crushing  the  gTape  seeds  and  stalks;  therefore,  the  old  method  of 
pressing  out  the  juice  by  ''treading"  is  much  preferable  to  the  wine-preas 
method.  "The  'must,'  as  the  liquor  is  now  called,  consists  of:  70  to  85 
per  cent  of  water ;  10  to  30  per  cent  of  dextrose  and  levulose,  and  tartaric. 
racemic,  malic  and  tannic  acids,  albuminous,  fatty  and  mucoid  sulwtances, 
essential  oils,  mineral  and  coloring  matters."  The  "must"  is  run  into 
tanks  where  fermentation  is  brought  about  by  the  action  of  various  yeasts 
and  other  organisms  that  are  present  in  the  juice.  The  most  important 
of  these  yeasts  is  Saccharomyces  ellipsoid puh,  but  many  other  ferments 
are  also  present.  The  fermentation  continues  from  one  to  several  weeks, 
depending  on  the  character  of  the  "must"  and  the  variety  of  wine  to  be 
made.  The  liquid  is  then  drawn  off  from  the  "lees"  and  is  filtered,  clari- 
fied and  put  into  hottles  or  barrels  or  vats  for  storage  in  cool  cellars.  If 
the  temperature  is  carefully  regulated,  a  second  fermentation  takes  place, 
providing  enough  sugar  remains  to  induce  it,  and  the  wine  is  greatly  im- 
proved by  maturation. 

In  the  manufacture  of  wines  the  process  of  fermentation  must  be 
carefully  regulated.  In  still  wines  the  primary  fermentation  must  be 
allowed  to  complete  itself,  or  else  it  must  be  stopped  by  the  addition  of 
alcohol  or  preservatives.  Thus  the  fornuition  of  carbonic  acid  gas  will 
be  prevented  and  the  following  changes  will  not  be  noticeable.  Sparkling 
wines  demand  a  different  procedure.  In  champagne,  for  example,  pri- 
mary fermentation  is  soon  checked  so  that  the  succeeding  process,  ue,, 
secondary  fermentation,  may  take  place  in  the  bottle  and  impart  the 
sparkles  and  froth  so  essential  to  this  type  of  wine.  In  certain  wines 
made, from  black  grapes  only  the  juice  is  used,  the  skins  being  discarded 
on  account  of  their  coloring  matter  and  tannin.  "^Nfust"  is  placed  in 
cellars  to  ferment.    On  the  deposit  of  the  "lees"  the  liquid  is  transferred 
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from  cask  to  cask  until  fermentation  is  at  the  right  stage.  The  wine  is 
then  clear  and  bright.  Vin  hrut  is  natural  wine  to  which  no  liquor  is 
added.  When  ready  for  sale  the  wine  may  contain  considerable  sugar; 
or  again,  it  may  contain  very  little,  and  is  then  known  as  sec,  or  dry 
wine.  When  the  amount  of  sugar  contained  is  negligible  the  wine  is  ires 
sec,  or  very  dry. 

Varieties  of  Wines. — Wines  may  be  classified  according  to  character 
and  composition (36)  : 

(a)  E'atural  Wine  (e)  Acid  Wines 

(&)   Strong  Dry  Wines  (/)   Sparkling  Wines 

(c)   Strong  Sweet  Wines  {g)   Perfect  Wines 

{d)  Aromatic  Wines  Qi)   Eough  or  Astringent  Wines 

(t)   Sophisticated  Wines 

(a)  NATURAL  WINE.— Natural  wine  is  made  from  fresh  grapes  alone. 
No  spirit  is  added.  In  this  beverage  there  should  be  not  less  than  7  per 
cent  of  alcohol  by  volume,  and  not  more  than  16  per  cent.  Red  wine 
owes  its  color  to  the  natural  coloring  matter  contained  in  the  skins  of 
the  grapes.  However,  artificial  coloring  agents  are  often  used.  White 
wine  is  made  from  grape  pulp,  no  skins  being  used — unless  those  of 
white  grapes.  After  the  reducing  sugar  has  been  extracted,  this  wine 
should  not  contain  more  than  1.7  per  cent  of  dry  extract. 

(ft)  STRONG  DRY  WINES.— Strong  dry  wines  are  those  in  which  the 
destruction  of  sugar  by  fermentation  is  complete;  they  are  sometimes 
^'fortified"  by  the  addition  of  brandy  or  grain  spirit.  Examples  of  this 
class  of  wines  are  port,  sherry  and  Madeira.  In  cases  of  fever  these  wines 
are  sometimes  used  in  place  of  whiskey.  Port  contains  from  15  to  20  per 
cent  of  alcohol;  sherry  from  15  to  22  per  cent,  and  Madeira  about  17  per 
cent. 

(c)  STRONG  SWEET  WINES.— Strong  sweet  wines  are  those  in  which 
the  fermentation  is  partially  completed  in  the  bottle.  A  sediment  is 
formed  and  removed  and  sugar  or  syrup  is  added.  Varieties  of  this  class 
are  Tokay,  Malaga  and  sweet  champagne.  They  contain  from  18  to  22 
per  cent  of  alcohol  and  3  to  5  per  cent  of  sugar. 

(d)  AROMATIC  WINES. — ^Aromatic  wines  are  those  possessing  a  supe- 
rior flavor  due  to  the  presence  of  essential  oils.  Examples  of  this  class 
are  Moselle,  Capri  and  some  of  the  Phine  wines.  Their  alcoholic  content 
varies  from  10  to  12  per  cent. 
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(e)  ACID  WINES.— Acid  wiiies  are  those  in  which  the  (li«tingui8liing 
feature  is  due  to  the  hirj^e  (luantity  of  acid  they  contain. 

(f)  SPAKKLINCI  WINKS.— Sparkling  wines  are  tliosc  in  wh'wh  tlie  fer- 
mentation is  partly  completed  in  the  hottle.  They  contain  large  quanti- 
ties of  carbonic  acid  gas  to  which  their  exhilarating  effect  is  due.  During 
fermentation  in  the  bottle  a  sediment  is  formed  which  is  removed  and 
sugar  or  syrup  is  then  added. 

CiiAMPAONE. — Champagne  is  the  chief  example  of  this  class  of  wines. 
The  dryness  or  sweetness  of  these  wines  dei)end8  upon  the  amount  of 
cane  sugar  and  cognac  added  during  the  process  of  manufacture.  A 
dry  champagne  contains  from  1  to  4  per  cent  of  sugar  and  from  9  to  12 
per  cent  of  alcohol.  In  considering  the  influence  of  wine  upon  nutrition 
and  its  effects  upon  the  individual  in  various  diseases,  its'  constituents 
must  be  borne  in  mind.  Champagne  having  a  low  specific  gravity — 
nearly  that  of  water — is  absorbed  less  readily  than  spirit.  This  is  a  good 
quality,  since  the  alcohol  is  more  slowly  absorbed.  Such  wine  is  less  dan- 
gerous than  spirits.  Dry  champagne  is  absorbed  without  change ;  its  bou- 
quet and  aroma  stimulate  taste  and  appetite  and  influence  nutrition  favor- 
ably. The  aromatic  constituents  stimulate  the  glands  of  the  alimentary 
system  and  favor  the  manufacture  of  blood  cells.  Wine  has  a  restorative 
action  on  those  exhausted  by  fatigue,  mental  labor,  insufficient  food  or 
long  illness,  and  in  various  diseases  such  as  anemia,  atony  of  the  digestive 
organs  and  general  debility.  Good  champagne  can  be  taken  with  im- 
punity by  gouty  or  rheumatic  patients  and  is  very  serviceable  in  cases 
of  acute  illness  where  there  is  a  tendency  to  heart  failure,  in  obstinate 
vomiting  and  convalescence.  It  is  a  valuable  remedy  in  fevers  and  other 
wasting  diseases,  where,  by  its  oxidation,  it  acts  as  a  food,  spares  the  de- 
struction of  the  bodily  tissues,  reduces  the  temperature,  stimulates  the 
heart  and  circulation.  A  dry  brown  tongue,  restlessness  and  a  feeble, 
irregular  pulse  are  the  indications  for  its  administration. 

(g)  PERFECT  WINES.— Perfect  wines  are  those  defined  by  Chambers 
as  containing  alcohol,  water,  sugar,  ethereal  flavors,  fruity  extractives  and 
acids.  Under  this  classification  Burgundy  and  Bordeaux  are  the  princi- 
pal varieties.  Burgundy  contains  a  rather  larger  percentage  of  alcohol 
and  extractive  matter;  it  is  therefore  said  to  have  considerable  ''body." 
Good  Bordeaux  wines  are  thoroughly  fermented  and  together  with  the 
Burgimdies  contain  very  little  sugar;  consequently,  they  are  wtII  borne 
by  invalids  and  are  especially  used  as  tonics  during  convalescence  from 
protracted  illness. 

(h)    ROUGH  WINES.— Bough  or  astringent  wines  are  those  containing 
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considerable  tannic  acid,  to  which  they  owe  their  astringent  effect.  They 
contain  little  alcohol  and  are  only  of  slight  value  for  medicinal  purposes, 
(i)  SOPHISTICATED  WINES.— Sophisticated  wines,  says  Tibbies,  em- 
brace a  large  proportion  of  the  wines  on  the  market.  Some  substance  is 
either  added  to  the  ^^must"  before  fermentation,  or  to  the  wine  after 
fermentation.  Wine  growers  do  not  consider  it  illegal  or  injurious  to 
add  the  following: 

(1)  ''To  the  must:  cane  sugar,  concentrated  must,  citric,  malic,  tar- 
taric and  sulphurous  acids,  the  acids  being  subsequently  neutralized  by 
pure  carbonate  of  potassium  or  calcium." 

(2)  "To  the  wine:  citric,  malic,  tartaric,  tannic  and  carbonic  acids, 
potassium  and  calcium  carbonates,  neutral  potassium  tartrate,  sulphites 
of  sodium  and  calcium,  or  pure  sulphurous  aldehyd." 

(3)  ''To  assist  clarification:  isinglass,  gelatin,  albumin,  pure  kaolin, 
gypsum  or  sulphate  of  lime  are  added." 

Composition  of  Wines. — The  chief  wines  have  been  studied  extensively 
by  W.  D.  Bigelow  of  the  United  States  Department  of  Agriculture  (37). 
The  table  on  page  599  gives  the  average  composition  of  some  American 
wines. 

It  will  be  seen  from  study  of  these  tables  that  the  chief  constituent 
of  all  wines  is  alcohol ;  but  this  is  not  the  only  ingredient.  Wine  contains 
a  great  number  of  other  bodies  in  small  proportion  whose  existence  is  of 
importance  in  the  formation  of  the  character  of  the  wine  (38).  There 
are  certain  characteristics  of  wines  which  cannot  be  imitated.  The  al- 
chemist has  never  been  able  to  produce  wine  by  a  combination  of  water, 
alcohol,  ethers,  cream  of  tartar  and  other  salts,  because  small  amounts  of 
certain  substances  contained  in  wines,  which  exist  in  the  form  of  ions  or 
dissociated  particles,  continually  act  and  react  upon  each  other  in  a  man- 
ner which  cannot  be  imitated  artificially.  The  propriety  of  "fortifying" 
wine  is  a  matter  of  public  health.  "Fortification  is  dangerous  to  the  pub- 
lic health,  not  only  from  the  quantity,  but  from  the  quality  of  the  spirit 
added  to  the  wine.  It  also  permits  subsequent  dilution  with  water."  If 
there  is  sufficient  sugar  in  the  "must,"  the  percentage  of  alcohol  will  con- 
tinue to  increase  until  it  reaches  10  per  cent,  when  the  alcohol  will  in- 
hibit the  growth  of  the  yeast  and  fermentation  will  cease.  Wines  that 
contain  more  than  this  amount  of  alcohol  are  "fortified"  by  additional 
alcohol.  Some  wine  growers  allege  that  this  is  necessary,  especially  for 
wines  intended  for  export,  and  say  that  the  fortification  prevents  the 
growth  of  wild  yeast  and  the  consecpient  deterioration  of  the  wine. 

"The  aroma  and  bouquet  of  wine  is  due  to  the  combination  of  higher 
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alcohols,  aldehydes  and  ethers,  such  as  caproic,  caprylic,  acetic,  malic, 
butyric,  enanthic  and  pelargonic.  They  arise  by  the  oxidation  of  alcohol 
or  by  the  action  of  ferments"   (Tibbies). 

"The  substance  enanthin,  or  enanthic  ether,  demands  special  mention. 
It  is  derived  from  a  hypothetical  fatty  acid  (enanthic  acid)  contained  in 
the  stones,  stalks,  skins  of  the  grapes,  and  in  the  waxy  fat  which  gives  to 
the  grapes  their  bloom.  This  acid  is  not  found  by  itself  in  wine,  but  only 
in  the  combined  or  ethereal  form.  It  exists  in  the  proportion  one  part  in 
every  40,000  of  wine.  Along  with  glycerin  and  succinic  acid  it  is  mainly 
responsible  for  the  peculiar  "vinous"  smell  and  taste  characteristic  of  all 
wines"  (Hutchison). 

Effect  of  Wine  on  Digestion. — The  influence  of  wine  on  digestion  is 
no  more  satisfactory  than  that  of  spirituous  liquors,  wine  having  a  much 
more  powerful  inhibitory  effect  on  salivary  digestion  than  spirits.  Rob- 
erts, writing  on  this  subject,  has  come  to  the  conclusion  that  if  one  per 
cent  of  sherry  or  hock  were  present  in  the  digesting  mixture,  the  conver- 
sion of  starch  was  almost  entirely  inhibited.  This  effect  of  wines  is 
entirely  due  to  their  activity.  It  has  been  shown  that  claret  of  0.7.5  per 
cent  acidity  has  a  markedly  retarding  effect  on  salivary  digestion,  while 
the  influence  of  a  sherry  of  0.54  per  cent  and  a  port  of  0.42  per  cent  was 
very  much  less. 

The  experiments  conducted  by  Chittenden  confirmed  these  results. 
It  has  been  found  that  if  the  more  acid  wines  are  mixed  with  vichy 
water,  the  acidity  is  neutralized  and  the  inhibitory  effect  prevented.  As 
a  general  rule,  the  stimulant  action  of  any  wine  depends  chiefly  upon  its 
alcoholic  content.  It  is  well  known  that  the  natural  wines  contain  only 
about  half  as  much  alcohol  as  the  strong  or  fortified  wines,  so  that  two 
bottles  of  good  claret  or  hock  are  about  equal,  as  far  as  alcohol  is  con- 
cerned, to  one  bottle  of  port  or  sherry.  It  may  therefore  be  said  that 
fortified  wine  is  about  twice  as  great  in  stimulating  action  as  that  of  a 
natural  wine.  The  more  dilute  the  alcohol  is,  the  more  slowly  it  will  be 
absorbed  and  the  less  chance  of  a  large  quantity  flooding  the  tissues  at  one 
time.  It  must  also  be  taken  into  consideration  that  the  ethers  and  other 
volatile  constituents  of  wine  exert  a  certain  modifying  influence  upon  the 
action  of  alcohol;  consequently,  wines  which  are  rich  in  these  elements 
may  be  expected  to  have  a  different  effect  from  those*  which  are  lacking 
in  these  constituents.  When  all  due  weight  is  given  to  such  modifying 
factors,  it  is  safe  to  conclude  that  it  is  only  the  weaker  or  natural  wines 
which  are  adapted  for  habitual  use  as  accessories  of  the  diet. 

From  clinical  experimentation,  we  have  already  learned  that  from 
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one  to  two  Hiiid  ounces  of  alcohol  is  about  the  amount  that  can  be  aafely 
taken  during  a  twenty-four-hour  period.  A  bottle  of  good  claret  or  hock 
contains  about  two  Huid  ounces  of  alcohol ;  therefore,  we  may  conclude 
that  half  a  bottle  daily  of  such  wines  is  a  safe  allowance  for  a  aedenUry 
individual  and  a  whole  bottle  is  enough  for  a  man  of  more  active  life. 
The  fortified  wines,  on  the  other  hand,  should  be  reserved  aa  medicines. 

Wine  as  a  Source  of  Nutriment.— Ah  a  source  of  nutriment,  wine  is 
much  inferior  to  milk.  It  is  estimated  that  the  alcoholic  content  of  ordi- 
nary wine  yields  seven  calories  per  gram  and  the  sugar  four  calories  per 
gram.  Wine,  then,  will  yield  from  fifteen  to  forty-five  calories  per  ounce, 
according  to  the  proportion  of  alcohol  and  sugar.  Gwxl  natural  wines, 
sound  and  unsophisticated,  are  among  the  best  stimulante  to  digestion. 
At  the  same  time  they  form  a  combination  of  various  principles  which 
invigorate  the  body  and  arouse  the  nutritive  and  blood-making  functions. 
IsTo  changes  occur  in  the  stomach  other  than  dilution  of  the  gastric  juice. 
No  digestive  effort  is  required,  and  the  wine  is  absorbed  by  osmosis.  Tlie 
aroma  and  bouquet  stimulate  taste  and  appetite,  and  after  ingestion  the 
aromatic  substances  possibly  favor  nutrition  by  stimulating  the  glands 
of  the  alimentary  system  and  the  manufacture  of  red  blood  cells. 

A  small  proportion  of  iron  in  some  wines  renders  them  a  valuable 
adjunct  to  the  diet  for  those  who  are  unable  to  digest  green  vegetables  or 
other  iron-bearing  food.  It  also  renders  this  kind  of  wine  of  value  in 
anemia,  chlorosis,  general  debility  and  other  diseases  in  which  iron  is  of 
therapeutic  value.  A  generous  wine,  therefore,  is  well  adapted  to  the 
digestive  apparatus  and  is  of  value  in  convalescence  from  acute  illness, 
in  general  debility,  atony  of  the  digestive  organs,  and  especially  for  daily 
use  by  the  inhabitants  of  cold,  damp  countries.  These  effects  are  not  at- 
tributed to  the  alcohol  alone,  though  undoubtedly  the  alcohol  contributes 
very  largely  to  the  effects  of  the  vine;  but  the  special  combination  of 
ethers,  alcohol,  aldehydes,  etc.,  is  believed  to  give  to  wine  as  a  daily  bever- 
age a  superiority  over  spirits  such  as  whiskey,  brandy  or  rum.  Bouchar- 
dat  in  summing  up  the  question  says,  "that,  with  the  same  proportion  of 
alcohol,  wine  rich  in  tannin  and  astringent  principles  excites  the  brain 
less  than  strong  wines  or  spirits." 

Use  of  Wines. — It  must  not  be  overlooked  that  the  abuse  of  wine 
leads  to  the  same  evil  effects  as  the  abuse  of  other  forms  of  alcohol.  Some 
wines,  especially  port  and  sometimes  claret,  provoke  an  attack  of  gout 
and,  like  all  other  forms  of  alcohol,  may  be  the  means  of  causing  gastric, 
hepatic,  renal,  vascular  and  nervous  diseases.  In  summarizing  the  points 
just  gone  over  in  this  section  on  the  use  of  wines  in  health  and  disease. 
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the  author  feels  he  can  do  no  better  than  quote  from  the  conclusions  of 
Antsie(39) : 

(a)  Wines  for  daily  use  by  healthy  adults  should  not  on  the  average  contain 
more  than  10  per  cent  absolute  alcohol  (by  weight)   and  8  to  9  per  cent  is  better. 

(b)  If  wine  is  used  as  the  daily  drink,  it  is  best,  as  far  as  may  be,  to  use  only 
one  kind  at  a  time  and  no  other  form  of  alcoholic  liquid. 

(c)  Sound  natural  wines  are  to  be  obtained  at  the  best  economic  advantage 
from  the  Bordeaux  district;  the  red  wines  are  to  be  preferred. 

(d)  Rhine  wines   (white)   are  equally  excellent,  but  more  expensive. 

(e)  Hungarian  wines  are  also  in  many  instances  excellent,  but  they  are  unequal 
in  quality  owing  to  defects  of  manufacture. 

(f )  Greek  wines  labor  under  the  same  defects. 

(g)  The  fortified  wines,  as  a  class,  develop  no  proper  vinous  qualities  till  they 
have  been  for  some  years  in  bottles.  Sherry,  however,  is  greatly  superior  to  the 
other  wines  of  this  class  in  the  rapidity  with  which  it  develops  the  volatile  ethers. 

(h)  Fortified  wines  in  small  quantities,  especially  sherry,  for  the  reason  just 
named,  are  the  appropriate  stimuli  of  certain  kinds  of  infantile  and  youthful 
debility  and  of  the  enfeebled  nervous  system  of  old  persons. 

(i)  Half  a  bottle  of  a  natural  wine  a  day  for  a  sedentary  and  a  bottle  a  day 
for  a  vigorous  and  actively  employed  adult  affords  a  reasonable  and  prudent 
allowance  of  alcohol.  This  quantity  of  wine,  either  alone  or  with  water,  will  be 
enough  to  satisfy  the  needs  of  moderate  persons  for  a  beverage  at  lunch  and  din- 
ner, the  only  two  meals  at  which  alcohol  should,  as  a  rule,  be  taken. 
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Cider  and  Perry. — Cider  and  perry,  derived  from  the  juice  of  the 
apple  and  the  pear,  respectively,  may  be  spoken  of  here,  for  they  are 
really  to  be  considered  as  wines.  Cider,  indeed,  when  first  made  in 
England  in  the  thirteenth  century  was  always  called  "wine.'' 

Cider  is  an  alcoholic  beverage  made  by  the  fermentation  of  the  juice 
of  apples.  Perry  is  made  the  same  way  from  the  juice  of  pears.  The 
manufacture  of  cider  in  England  began  about  1284,  and  in  Normandy, 
where  it  took  the  place  of  beer,  somewhat  earlier.  It  is  no  doubt  a  far 
more  ancient  beverage,  but  of  this  we  have  no  definite  data.  "Cider  is 
made  late  in  the  autumn  from  many  varieties  of  apples.  The  usual  cri- 
terion for  the  suitability  of  the  fruit  is  the  specific  gravity  of  the  'must' 
before  fermentation.  Good  cider  cannot  be  made  from  juice  with  a  spe- 
cific gravity  below  1.040.  'Must'  of  this  density  yields  a  beverage  con- 
taining 4.085  per  cent  of  alcohol  and  2.688  per  cent  sugar."  Apples  which 
ripen  in  October  are  considered  best  for  making  good  cider.  The  fruit  is 
gathered  and  allowed  to  mellow  under  cover  for  a  fortnight;  it  is  then 
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ground  into  pulp  and  left  in  vats  for  thirty  hours.  The  pulp  is  then 
pressed  and  the  gallons  of  liquor  run  into  u  clean  vat  and  left  there  for 
some  days  until  it  has  cleared.  It  is  then  racked,  chiriHed  and  the  clear, 
bright  liquid  run  into  casks  and  bun^n-d.  Terry  is  made  in  a  very  similar 
way.  If  a  "sparkling"  beverage  is  desired,  fennentation  is  allowed  to  be 
completed  after  bottling.  These  lM«vcrages  are  mihlly  alcoholic,  contain- 
ing from  3  to  8  per  cent  of  alcohol  by  volume,  or  much  the  same  propor- 
tion of  alcohol  as  beer,  ('ider  that  is  bottled  before  the  (completion  of 
fermentation  is  called  "champagne  cider."  Vinous  fermenUtion,  which 
is  completed  in  the  bottle,  produces  a  "still"  dry  cider  with  less  heating 
properties  than  hock  and  less  acid  tlian  ^Moselle  wines. 

COMPOSITION  OF  CIDER.— Both  ( ider  and  perry  eontain  the  stimulat- 
ing and  fragrant  ethers  found  in  champagne.  These  are  developed  by 
maturation  and  become  greater  with  age.  Cider  also  contains  malic  acid, 
salts,  sugar,  albuminoids  and  extractives.  As  a  rule,  cider  is  a  refreshing, 
invigorating  beverage,  possessing  diuretic  and  laxative  properties.  It  is 
prone  to  undergo  acetic  fermentation  after  a  time  which  renders  it  unfit 
for  use. 

VINEGAR. — Vinegar  is  an  ancient  condiment.  Its  origin  is  lost  in  tlie 
mists  of  antiquity.  Boaz,  a  rich  (citizen  of  Bethlehem,  is  represented  in 
the  Bible  as  providing  vinegar  for  his  reapers  to  drink  (1312  b.c),  a 
custom  which  still  prevails  in  Spain  and  Italy.  It  is  made  by  the  alco- 
holic and  subsequent  acetous  fermentation  of  the  juice  of  the  apple  and 
contains  not  less  than  four  grams  of  acetic  acid  in  100  cubic  centimeters 
at  20°  C.  Although  this  product  is  a  condiment,  it  is  thought  best,  while 
discussing  products  made  from  fruits,  to  describe  it  here  and  give  its 
action  and  uses  in  the  chapter  devoted  to  condiments. 

The  fermentation  of  vinegar  is  brought  about  by  the  organism  known 
as  Mycoderma  aceti,  and  may  be  induced  under  proper  conditions  in  weak 
alcoholic  solutions  from  any  source.  Besides  cider  vinegar,  there  is  found 
on  the  market  wine  or  grape  vinegar,  glucose  vinegar,  malt  vinegar  and 
spirit  and  distilled  or  grain  vinegar.  Wood  vinegar  or  acetic  acid,  which 
is  made  by  the  destructive  distillation  of  wood,  may  not  by  law  be  used 
in  any  food  products  in  the  United  States. 

Vinegar  Plant.— The  vinegar  plant,  or  "mother  of  vinegar,"  is  a 
tough  gelatinous  substance (40),  in  appearance  somewhat  like  an  animal 
membrane,  and  requires  for  its  growth  albuminous  substances  and  min- 
eral salts  which  are  always  present  in  wine,  beer,  etc.  If  these  substances 
are  absent,  the  vinegar  plant  has  no  influence  on  alcohol,  unless  soi.ie  alka- 
line phosphates  are  added  to  supply  the  food  elements.  This  vinegar 
40 
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plant  appears  as  a  heavy  thick  scum  in  the  barrel  on  the  upper  surface 
of  the  vinegar.  The  conditions  necessary  for  its  development  closely 
resemble  those  required  for  the  development  of  beer  yeast  In  the  manu- 
facture of  cider  vinegar,  according  lo  the  ohl  pnM-ess,  the  cider  is  allowed 
to  ferment  in  the  cellar  in  barrels  with  open  bungholes.  The  addition  of 
old  vinegar  or  "mother  of  vinegar"  accelerates  this  pr(K!e8s,  which  is  com- 
pleted within  three  to  four  days.  Whereas,  without  the  "mother  of  vine- 
gar'' added,  the  process  requires  a  much  greater  time. 

Cider  Vinegar. — Cider  or  apple  vinegar  is  the  purest  vinegar  for 
table  use.  It  is  a  product  of  the  alcoholic  and  8ubse(|uent  acetous  fermen- 
tation of  apple  juice  and  contains  malic  acid  and  various  ethers  from  the 
fruit.  It  is  levo-rotatory,  has  a  specific  gravity  1.013  to  1.015  and  should 
contain  not  less  than  4.5  per  cent  (4  per  cent  according  to  United  States 
regulations),  and  a  maximum  of  G  per  cent  of  absolute  acetic  acid.  On 
evaporation  it  should  yield  not  less  than  1.6  or  an  average  of  3.0  per  cent 
of  apple  solids;  the  ash  should  be  not  less  than  0.25  per  cent,  and  the  ash 
from  100  c.c.  of  vinegar  should  contain  not  less  than  10  milligrams  of 
phosphoric  acid  (1^2^)5)  ^^^^  require  not  less  than  30  c.c  of  a  decinormal 
acid  solution  to  neutralize  its  alkalinity.  Davenport  found  that  the  solids 
are  usually  3  per  cent  and  never  fall  below  2  per  cent  of  apple  solids. 
This  residue  is  a  soft,  mucilaginous,  viscid  substance,  having  the  flavor 
and  odor  of  baked  apples,  somewhat  acid,  but  not  astringent  to  the  taste. 

Varieties  of  Vinegars. — Vinegars  are  manufactured  from  various 
other  substances  recognized  officially  by  the  United  States  Department  of 
Agriculture  Food  Inspection  Decision  140,  Feb.  27,  1912,  viz.: 

Wine  vinegar,  grape  vinegar,  is  the  product  made  by  the  alcoholic  and 
subsequent  acetous  fermentations  of  the  juice  of  grapes. 

Malt  vinegar  is  the  product  made  by  the  alcoholic  and  subsequent 
acetous  fermentations,  without  distillation,  of  an  infusion  of  barley  malt 
or  cereals  whose  starch  has  been  converted  by  malt. 

Sugar  vinegar  is  the  product  made  by  the  alcoholic  and  subsequent 
acetous  fermentations  of  solutions  of  sugar,  syrup,  molasses  or  refiner^s 
syrup. 

Glucose  vinegar  is  the  product  made  by  the  alcoholic  and  subsequent 
acetous  fermentations  of  dilute  distilled  alcohol. 

Several  questions  regarding  these  definitions  have  been  raised,  and 
after  investigation  the  board  has  reached  the  following  conclusions: 

Meaning  of  the  term  ''vinegar/'  AVhile  the  term  "vinegar*'  in  its 
etymological  significance  suggests  only  sour  wine,  it  has  come  to  have  a 
broader  significance  in  English-speaking  countries.    In  the  United  States 
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it  has  lost  entirely  its  original  meaning  and  when  used  without  a  qualify- 
ing word  designates  only  the  product  secured  by  the  alcoholic  and  sub- 
sequent acetous  fermentations  of  apple  juice. 
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SUGAR,    SPICES   AND   CONDIMENTS 


Sugars:  Sugar  Cane;  Raw  Sugar;  Beet  Root  Sugar;  FJorghum  Sugar; 
Maple  Sugar;  Palm  Sugar;  Loaf  Sugar;  Cube  Sugar;  (Granulated 
Sugar;  Powdered  Sugar;  Rock  Candy,  Burnt  Sugar  or  Black  Jack; 
Molasses;  Sirup— Sorghum  Sirup,  Commercial  Sirup,  Mixed  Sirup; 
Saccharin;  Glucose;  Confectionery — White  Candy,  Sugar  Drops,  Soft 
Candy,   Hard  Candy;    Honey. 

Spices  and  Condiments:  Bay  Leaf;  Sage;  Mace;  Spearmint;  Sweet  Mar- 
joram; Sweet  Basil;  Summer  Savory;  Peppermint;  Parnley;  Tarra- 
gon; Wintergreen ;  Thyme;  Cherry  Laurel  Leaves;  Fennel;  Capera; 
Cloves;  Saffron;  Cassia;  Cinnamon;  Turmeric;  Carlic;  Ginger; 
Horseradish;  Sassafras;  Allspice;  Capsicum;  Juniper;  Pepper;  Va- 
nilla Bean;  Anise  Seed;  Cardamon;  Caraway  Seed;  Celery  Seed; 
Coriander  Seed;  Cumin  Seed;  Tonka  Bean;  Dill  Seed;  Fennel  Seed; 
Grains  of  Paradise;   Mustard;   Nutmeg;   Salt. 

Pickles  and  Salads:   Pickles — Cold  Slaw,  Sauerkraut,  Sktshi;  Sulada. 


SUGAR 

Sugar  as  an  article  of  diet  is  of  such  great  importance,  both  for  its 
pleasant  taste  and  nutritive  value,  that  it  is  well  to  devote  more  than 
ordinary  attention  to  its  consideration.  It  is  conceded  that  most  people 
eat  as  much  sugar  as  they  can  get,  and  that  the  consumption  of  sugar  in 
different  countries  is,  in  general,  proportionate  to  the  wealth. 

Only  two  plants — ^the  sugar  cane  and  the  sugar  beet — play  an  impor- 
tant part  in  the  world's  supply  of  sugar.  The  manufacture  of  sugar  from 
the  sap  of  the  maple  and  palm  trees  is  a  relatively  small  industry  when 
compared  with  the  production  of  sugar  from  the  sugar  cane  and  sugar 
beet. 

Sugar  Cane. — The  sugar  cane,  which  is  the  oldest  and  best  known 
sugar-producing  plant,  grows  only  in  tropical  and  semitropical  countries. 
In  appearance  it  resembles  the  Indian  corn  in  many  ways,  and  like  it, 
produces  a  jointed  stalk  varying  from  eight  to  fourteen  feet  in  height 
Sugar  cane  is  a  native  of  India,  and  is  frequently  mentioned  in  the  writ- 
ings of  the  ancient  Chinese  and  in  the  old  sacred  books  of  the  Hindoos 
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many  centuries  before  Christ.  According  to  Strabo,  the  historian,  the 
Greek  soldiers  under  the  command  of  Nearchus,  an  Admiral  of  Alexander 
the  Great,  saw  the  cane  growing  in  India  at  the  time  of  the  conquest  and 
brought  the  plant  with  them  on  their  return  325  b.c.  Subsequently  it 
was  brought  by  the  merchantmen  who  traded  with  Persia  and  India  for 
spices,  perfumes  and  costly  merchandise.  The  Greek  warriors  became 
accustomed  to  its  use  during  the  invasion,  and  brought  back  stories  of  the 
wonderful  reed  which  yielded  a  juice  "sweeter  than  honey."  The  Per- 
sians and  Arabians  introduced  the  cultivation  of  sugar  cane  westward, 
and  we  find  that  sugar  was  both  grown  and  refined  in  the  valleys  of  the 
Tigris  and  Euphrates  in  the  tenth  century  a.d.  The  Crusaders,  in  1096, 
found  sugar  cane  and  sugar  factories  in  Syria  and  Palestine(l),  and 
brought  back  samples  of  the  product  upon  their  return  from  the  East. 
The  Saracens  introduced  the  cultivation  of  sugar  cane  into  Sicily,  and 
the  Moors  into  Spain;  the  Spaniards  introduced  sugar  cane  to  the  New 
World  during  their  voyages  of  discovery  and  colonization  (1750).  In 
this  way  the  sugar  cane  was  gradually  brought  westward  from  its  original 
home  in  India,  and  is  now  found  throughout  the  entire  tropical  and  semi- 
tropical  world. 

The  present  leading  sugar-cane-producing  countries  of  the  world  are 
British  India,  Cuba,  Java  and  the  United  States,  including  Porto  Rico, 
Hawaii  and  the  Philippine  Islands. 

The  nature  and  origin  of  sugar  were  but  little  understood  by  the 
early  European  consumers.  It  was  supposed  to  be  a  form  of  manna,  and 
was  thought  to  exude  from  the  stem  of  a  plant  or  tree,  and  dried  like 
gum  "white  and  brittle."  Others  supposed  it  to  be  a  form  of  "honey  made 
from  reeds."  The  important  sources  of  sugar  in  nature  are  the  sugar 
cane,  sugar  beets,  sorghum  or  Chinese  cane,  sap  of  sugar  maple  trees,  date 
palm  trees,  sap  of  ash  trees  of  southern  Europe,  the  bamboo,  honey,  raisins 
and  milk  of  mammals. 

Several  different  varieties  of  sugar  enter  into  the  composition  of  arti- 
cles of  diet,  but  for  practical  purposes  they  may  be  divided  into  two 
groups: 

(1)  Sdcroses  or  disaccharids    {C^Jl22^^^)    (a)   Cane  sugar — Sucrose 

(&)  Beet  sugar  " 

(c)  Maple  sugar         " 

(d)  Malt  sugar — Maltose 

(e)  Milk  sugar — Lactose 

(2)  Glucoses  or  monosaccharids  (C^HjgO^)    (/)   Grape  sugar — Dextrose 

(g)  Fruit  sugar — Levulose 
(h)  Invert  sugar 
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The  sugar  cane  is  propagated  by  planting  the  seeds  from  the  flowering 
tops  of  the  previous  crop  in  plowed  furrows,  apd  another  variety  from 

cuttings,  okainod  from  tho  joints  of  the  cane  stalk.  When  the  sprouU 
of  the  young  cane  appear  ahovc  ground,  thoy  arc  cultivated  in  a  similar 
manner  to  the  corn  crop,  with  the  exception  that  when  the  rainy  season 
begins,  the  cane  crop  is  left  to  grow  for  varying  lengths  of  time,  depend- 
ing on  the  locality  and  clinuitic  conditions,  etc.  In  Ix)uisiaiui  the  crop 
is  matured  and  ready  for  harvesting  in  less  than  a  year,  while  in  II;iu;iH 
the  plant  is  allowed  to  go  for  two  years. 

The  plants  blossom  or  flower  when  a  year  old,  and  in  from  four  to 
five  months  after  flowering,  the  canes  are  completely  ripe  and  contain  a 
sweet  viscid  juice.  They  are  then  ready  to  Ikj  harvested.  They  are  cut 
down  close  to  the  ground  and  the  tops  and  leaves  removed ;  the  stripped 
stalks  are  now  taken  to  mills  where  the  juice  is  expressed  by  grinding 
and  crushing  between  revolving  cylinders.  The  cane  stalk  contains  about 
85  per  cent  of  juice,  but  in  the  usual  process  of  grinding,  a  little  more 
than  50  per  cent  is  obtained,  some  of  the  best  mills  expressing  GO  to  65 
per  cent;  consequently  25  to  30  per  cent  is  left  in  the  refuse  called  tho 
''begasse."  This  is  dried  by  passing  it  over  the  boilers  on  conveyors, 
and  is  then  used  for  fuel  in  the  furnace.  The  largest  mills  at  the  present 
time  have  a  capacity  of  a  thousand  tons  of  cane  in  twenty-four  hours. 
The  composition  of  sugar  cane  and  the  juice  obtained  from  it  are  given 
in  the  following  table  from  Tibbles(l): 

COMPOSITION    OF    SUGAR    CANE    AND    JUICE 


Water 

Sugar,  crystallizable. . . 

"       uncrystallizable 

Nitrogenous  matters . . 

Fatty  matters '. 

Cellulose 

Ash 


Entire  Sugar  Cane 

Sugar  Cane  Juice 

71  to  76 

79.44    to  83.83 

14  «  18 

15.64     «  20.90 

.120  -      .30 

.35  to    .55 
.15  «     .35 

I 

.023  •       .37 

8.86  «  9.56 
.35  «     .48 

.014  ■      .25 

The  juice,  as  obtained  from  the  grinding  of  the  sugar  cane  stalk,  is 
quite  dark  colored  and  turbid,  containing  considerable  organic  matter 
other  than  sugar.  This  is  removed  by  passing  through  wire  screens  to 
eliminate  the  coarse  fiber.  It  is  then  neutralized  by  lime,  which  precipi- 
tates organic  matter  and  checks  fermentation.  Next  it  is  submitted  to  the 
action  of  sulphurous  acid  gas,  either  before  or  after  the  addition  of  lime. 
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This  process  is  known  as  "defecation."  The  lime  neutralizes  any  of  the 
acid  that  may  he  left  in  the  juice  and  thus  prevents  some  of  the  sugar 
from  "inverting"  or  changing  into  the  uncrystallizable  invert  sugar.  It 
is  then  subjected  to  a  temperature  of  170°  to  180°  F.,  w^hich  coagulates 
and  separates  the  suspended  materials.  These  rise  to  the  surface  as  a  scum 
and  are  removed.  The  juice  is  now  filtered  through  bone-black  or  animal 
charcoal.  The  clarified  juice  obtained  by  the  defecation  and  filtering 
process  is  now  evaporated  in  the  so-called  "multiple  effect"  vacuum  pans. 
After  remaining  for  some  time  in  the  first  pan  it  is  transferred  to  the  next 
and  afterwards  to  the  next  and  the  next — a  series  of  four  pans.  Bailey 
says:  "The  air  in  the  first  pan  of  the  multiple  effect  is  exhausted  to  such 
an  extent  that  exhaust  steam  from  the  engines  and  pumps  of  the  factory 
will,  when  entering  the  steam,  jacket  of  the  pan,  cause  the  juice,  under  the 
partial  vacuum,  to  boil  and  thus  concentrate.  The  steam  arising  from  the 
boiling  juice  of  the  first  pan  enters  the  jacket  of  the  second  pan,  and  as 
the  vacuum  of  this  pan  is  higher,  the  temperature  of  the  steam  from  the 
first  supplies  sufficient  heat  for  further  evaporation."  Tibbies,  in  de- 
scribing the  crystallization  point  in  the  manufacture  of  sugar,  says:  "It 
becomes  more  concentrated  in  each  pan,  and  in  the  fourth  reaches  the  point 
of  crystallization.  It  is  then  transferred  to  the  coolers  where  it  is  allowed 
to  ^grain'  or  crystallize,  being  afterwards  put  into  a  cask  which  has  a 
number  of  holes  in  the  lower  part,  temporarily  stopped  with  plugs.  When 
the  chief  mass  is  crystallized,  the  plugs  are  removed  and  the  liquid  residue, 
or  Molasses,'  is  drained  off;  the  crystals  constitute  raw  sugar J^  The 
above  is  a  more  or  less  succinct  description  of  the  imperfect  process  of 
manufacturing  sugar  which  has  lately  been  replaced  by  improved  methods, 
especially  by  concentrating  the  juice  to  the  point  of  crystallization  in  a 
vacuum  pan  and  removing  the  molasses  by  centrifugalization. 

According  to  the  "modern  process" (2),  after  the  clarified  juice  has 
been  evaporated  to  a  sirup,  it  is  run  into  a  steam  vacuum  "strike  pan," 
which  is  a  large  boiler  heated  with  steam  coils,  and  is  connected  with  an 
exhaust  pump  so  that  a  very  high  vacuum  can  be  maintained ;  this  brings 
about  the  ^'graining  or  crystallization'  of  the  sugar.  When  the  mass  be- 
gins to  crystallize,  additional  sirup  is  allowed  to  run  in  from  time  to 
time,  until  the  pan  is  finally  filled  with  the  crystalline  sugar,  mixed  with 
molasses.  In  this  high  vacuum  the  ebullition  is  violent,  and  unless  the 
sugar  boiler  is  watchful,  some  of  the  sirup  will  be  carried  over  with  the 
vapor  into  the  condenser ;  this  is  called  entrailment  and  is  a  source  of  loss 
in  sugar  manufacture. 

The  supervision  of  the  vacuum  pan  in  operation  requires  more  skill 
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than  any  other  operation  in  the  sugar  factory;  meticulous  care  must  be 
exercised,  (a)  to  prevent  *'entraihnent"  and  (6)  to  build  up  the  sugar 
crystals  of  uniform  grain  and  size.  The  principal  aim  of  the  l)oiler  is 
to  build  up  these  crystals  without  fonning  new  ones.  He  controls  this 
process  by  frequently  drawing  out  samples,  and  examining  them  upon  a 
glass,  against  the  light.  If  very  fine  new  crystals  are  seen  among  the  old 
ones,  he  reduces  the  vacuum,  thus  raising  the  temperature,  which  promptly 
dissolves  this  false  grain,  as  the  fine  crystals  •are  called.  By  skillful 
manipulation,  which  only  comes  with  long  experience,  the  sugar  boiler 
is  able  to  turn  out  sugar  with  crystals  of  uniform  size,  as  in  ordinary 
granulated  sugar. 

When  the  vacuum  pan  becomes  filled  with  a  thick  magma  of  sugar 
crystals  (sugar  and  molasses)  known  as  "masse-cuite,"  it  is  transferred 
to  a  mechanical  mixer,  which  keeps  the  mass  in  motion  by  means  of  re- 
volving arms.  This  mixer  is  situated  over  a  row  of  centrifugal  machines, 
and  when  of  uniform  consistency,  it  is  run  into  the  "centrifugal."  This 
machine  was  first  successfully  used  for  this  purpose  in  1860.  The  inner 
walls  of  the  revolving  drum  are  lined  with  fine  brass  meshing,  and  as  the 
drum  revolves,  the  masse-cuite  is  whirled  against  the  meshing,  which  holds 
the  sugar,  but  allows  the  molasses  to  pass  through.  After  spinning  at 
from  1,000  to  1,200  revolutions  for  a  few  minutes,  until  as  much  of  the 
molasses  as  possible  is  removed,  the  revolving  mass  is  sprayed  with  a 
fine  spray  of  water  or  jet  of  steam  to  remove  any  of  the  film  of  mo- 
lasses which  remains  adhering  to  the  crystals;  the  amount  of  spraying 
regulates  the  whiteness  of  sugar.  Tn  Louisiana  a  very  pure,  white  sugar 
is  produced  which  has  several  sprinklings  or  sprayings  of  water;  the 
sugar  analyzes  over  99  per  cent  pure  sucrose,  the  remainder  being  mostly 
moisture. 

The  centrifugals  are  stopped  when  the  removal  of  molasses  has  reached 
its  limit,  and  the  sugar  is  passed  through  the  bottom  of  the  drum  into  a 
conveyor.  Thence  it  is  transferred  to  the  packing  room,  and  after  being 
placed  in  bags  is  ready  to  be  shipped.  As  there  is  much  moisture  in  the 
raw  sugar  from  the  centrifugal,  in  certain  countries  this  sugar  is  put 
into  revolving  drums  for  drying  before  it  is  packed  in  bags.  There  are 
two  advantages  in  this  drying  process:  first,  the  removal  of  superfluous 
moisture,  the  weight  of  which  would  increase  the  cost  of  transportation ; 
and,  second,  drying  sterilizes  the  sugar  and  protects  it  against  the  inroads 
of  ferments  and  bacteria.  At  this  stage  salts  of  tin  are  sometimes  used 
for  clearing  the  sugar;  and  now  and  then  ultramarine  blue  is  added  to 
offset  the  delicate  yellow  tinge. 
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The  use  of  ultramarine  is  objectionable,  as  sugars  subjected  to  this 
process  are  not  fit  to  be  used  for  certain  purposes,  for  example,  in  the 
manufacture  of  fruit  sirups. 

The  term  "first  sugar"  is  applied  to  that  made  from  the  pure  cane 
juice,  while  the  molasses  obtained  from  draining  this  sugar  is  known  as 
"first  molasses."  There  is  a  large  sucrose  content  in  the  latter,  and 
different  methods  are  employed  for  obtaining  from  this  as  much  as  will 
crystallize.  A  "second  sugar"  is  obtained  by  reboiling  the  molasses  and 
washings  from  the  first  "masse-cuite"  and  running  the  product  through 
the  centrifugals.  A  "third  sugar"  is  the  article  recovered  through  process 
of  concentrating  the  molasses  of  the  "second  sugar."  Such  a  molasses 
may  still  contain,  however,  30  per  cent  sucrose.  There  is  also  present 
about  30  per  cent  invert  sugar,  8  to  10  per  cent  of  ash,  and  8  to  10  per 
cent  of  gums,  organic  acids,  amino  compounds,  etc. 

Raw  Sugar. — Eaw  sugar,  or  musavado,  is  the  product  of  the  crude 
open-pan  process  of  manufacture  (  3  ) .  These  raw  sugars  are  now  imported 
into  the  United  States  for  refining.  The  raw  sugars  come  principally 
from  Demerara,  Barbadoes,  Cuba  and  Brazil.  These  sugars  contain  from 
95  to  98  per  cent  pure  sugar.  The  removal  of  the  remaining  impurities 
is  carried  out  in  sugar  refineries,  usually  situated  in  places  where  fuel 
is  more  abundant  than  in  the  tropical  countries  where  the  sugar  cane 
is  chiefly  cultivated.  The  difference  in  price  between  raw  and  refined 
sugar  is  from  0.7  to  0.9  cents  per  pound,  while  the  cost  of  refining  is 
estimated  at  from  0.6  to  0.65  cents  per  pound,  leaving  only  a  small  mar- 
gin of  profit  to  the  refineries,  so  that  it  is  necessary  for  the  operation  to 
be  conducted  on  a  large  scale  in  order  to  make  it  remunerative. 

In  the  United  States  the  industry  is  confined  practically  to  very  few 
large  establishments  in  New  York,  Philadelphia,  Boston,  New  Orleans 
and  San  Francisco.  In  one  of  the  largest  of  these  refineries  13,000  bar- 
rels of  sugar  per  day  are  refined.  Nearly  all  of  the  sugar,  aggregating 
nearly  three  million  tons,  is  imported,  and  only  about  700,000  tons  are 
produced  in  the  United  States. 

Beet  Root  Sugar — Beet  root  sugar  was  first  made  by  Marggraff,  in 
1747,  and  by  Archard  in  1796.  In  the  early  days  of  the  Erench  Bevo- 
Jution,  Napoleon  was  induced  to  take  a  great  interest  in  its  manufacture 
because  of  the  prolonged  Peninsular  War,  which  seriously  interfered  with 
.the  ordinary  supplies  of  sugar.  The  industry  is  commonly  considered  as 
dating  from  about  1810(4).  The  first  attempt  in  this  country  to  produce 
sugar  from  sugar  beets  was  made  at  Alverado  in  California  in  the  year 
1870. 
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The  cultivation  of  the  sugar  beet  for  it8  sugar  content  and  purity  of 
the  juice  does  not  depend  entirely  upon  tlie  variety  phmted,  but  on  the 
soil,  clinuite,  weather  and  distribution  of  moisture.  For  the  best  sugar 
output  the  beet  should  not  bo  harvested  until  the  coming  of  the  frost,  as 
every  day  added  to  the  growing  season  increases  the  sugar  content.  The 
greatest  amount  of  sugar  is  obtained  from  l>eets  grown  in  irrigated  regions 
where  there  is  an  abundance  of  sunshine  and  where  the  distribution  of 
water  can  be  regulated.  The  sugar  beet  thrives  in  temperate  climates, 
and  the  countries  in  which  the  production  of  sugar  from  l)ects  is  largest 
are  Germany,  Austria,  Russia,  France  and  the  United  States — the  order 
indicating  the  amount  of  production.  The  beets  of  medium  size  are  usu- 
ally of  better  quality  than  the  largor  ones. 

The  composition  of  the  sugar  beet  and  sugar  beet  juice  is  given  in  the 
following  table  taken  from  Browne: 

COMPOSITION   OF    THE    SUGAR    BEET   AND   ITS    JUICE 


Sugar  Beet 


Sugar  Beet  Juice 


Water 

Dry  substance 

Fiber  (cellulose,  etc.). . . 

Sucrose 

Invert  sugar 

Ash  (salts) 

Nitrogenous  substances 

Gums,  acids,  etc 

Wax,  fat,  etc 


% 

75-85 

15-25 

4-6 

12-16 

0.0-0.3 

0.8-1.5 

1.5-2.5 

0.4-0.8 

0.2 


% 
78-84 
16-22 

13-17 
0.0-0.3 
0.&-1.0 
0.8-1.5 
0.3-0.6 


The  sugar  beet  industry  in  the  United  States,  begun  in  California  in 
1870,  is  still  in  successful  operation  at  present (5).  The  beets,  after  being 
dug  and  having  their  green  tops  removed,  are  hauled  to  the  factory ;  here 
they  are  washed  to  remove  dirt,  and  then  passed  over  knives  which  reduce 
them  to  fine  slicings.  The  si  icings  are  next  carried  by  a  conveyor  to  the 
diffusion  battery,  which  consists  of  a  series  of  tall  boiler-shaped  cylinders 
called  cells.  These  are  connected  by  pipes,  the  outlet  from  the  top  of  the 
first  cell  passing  downward  into  the  bottom  of  the  next  and  so  on.  Each 
cell  is  filled  with  beet  slicings  through  a  large  hole  at  the  top,  and  when 
full  is  tightly  closed  with  a  gasket  fitted  cover  and  clamped  into  place. 
Twelve  cells  connected  in  series  comprise  a  battery,  and  when  all  are 
filled,  warm  water  at  about  80°  C.  is  passed  through  the  system.  The 
water  circulating  upwards  through  the  beet  slicings  removes  the  sugar 
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from  each  succeeding  cell.  Heaters  are  placed  between  the  cells  so  that 
the  circulating  water  is  constantly  kept  at  an  even  temperature,  aiding 
the  process  considerably.  As  Clausen  says,  ^^When  the  water  has  made 
a  complete  circuit  through  the  twelve  cells  of  the  battery,  the  slicings  in 
the  first  cell  become  practically  exhausted ;  this  cell  is  then  thrown  out  of 
circulation,  emptied  of  exhausted  chips,  refilled  with  fresh  slicings,  and 
reconnected  with  the  system,  while  the  second  cell  undergoes  replenishing. 
The  process  is  thus  a  continuous  one;  ten  cells  are  always  in  circulation, 
while  one  cell  is  always  being  emptied  and  one  always  being  refilled/' 

The  diffusion  juice  as  it  leaves  the  last  cell  of  the  battery  contains 
from  12  to  15  per  cent  of  sugar,  and  is  ready  for  clarification.  The  proc- 
ess consists  of  the  evaporation  of  the  diffused  beet  juice  by  heating  it  with 
lime,  which  neutralizes  the  free  acid  and  assists  in  coagulating  the  nitrog- 
enous matter.  This  process  is  called  "carbonation."  The  juice  is  usu- 
ally treated  with  sulphur  dioxid  gas,  which  bleaches  it,  but  care  must  be 
taken  that  the  solution  still  remains  slightly  alkaline,  to  prevent  inversion 
of  the  sucrose  (C12II22O11).  The  purified  juice  is  evaporated,  as  in  the 
case  of  cane  sugar.  "The  molasses  in  beet  sugar  manufacture  cannot  be 
used  for  making  second  and  third  sugars,  as  can  the  molasses  from  cane 
sugar  boiling.  On  this  account  the  molasses  is  boiled  down  and  treated 
with  lime  which  precipitates  calcium  saccharate(6)  (Ci2ll220ii.3CaO), 
the  latter  being  separated  from  the  solution  by  filter  presses,  and  the 
solid  cake  thus  formed  is  returned  to  the  'carbonators,'  where  it  is 
treated  with  carbon  dioxid  gas,  thus  again  setting  the  sugar  free."  The 
juice  from  the  second  carbonation  is  again  strained  through  a  brass  mesh 
filter,  reevaporated,  grained  and  centrifugal ized.  These  processes  are 
carried  out  essentially  as  described  in  the  process  for  the  manufacture 
of  cane  sugar. 

Comparison  of  Physical  Properties  of  Raw  Cane  and  Raw  Beet 
Sugars. — There  is  quite  a  difference  in  the  physical  properties  of  raw 
cane  sugar  and  raw  beet  sugar.  Raw  cane  sugar  possesses  a  fragrant 
odor  and  a  pleasant  taste  which  many  prefer  to  the  refined  product,  while 
raw  beet  sugar  has  a  bitter  nauseating  taste  and  a  gluish-like  odor,  not 
very  impelling. 

Sorghum  Sugar. — Sorghum  sugar  is  obtained  from  a  cereal  plant  na- 
tive in  India  and  largely  grown  as  a  foodstuff  throughout  Asia^ — particu- 
larly in  China,  India  and  Japan — also  in  Egypt,  and  to  a  less  extent  in 
the  United  States (7).  The  stalk  of  this  grass,  like  the  Indian  com  stalk, 
grows  luxuriantly,  with  a  large  jointed  stalk,  an  abundance  of  long  green 
leaves,  and  with  a  large  broomcorn-like  top  or  blossom  that  contains  the 
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seeds  from  which  the  pluut  is  propagutcd.  Like  the  sucar  cane  it  abounds 
in  a  sweet  sugary  jiiico,  on  which  account  the  Americana,  when  it  was 
Hrst  introduced,  called  it  the  ^'Chinese  sugar  cane."  The  amount  of  sugar 
in  the  stalks  varies  from  8  to  14  per  cent  of  crystailizable  sugar  and  1.5 
per  cent  of  uncrystallizablo  sugar.  The  rest  is  made  up  chiefly  of  starch, 
cellulose,  pentosans  and  mineral  substances. 

Sorghum  sugar  is  easily  nuide  on  a  snuill  scale,  as  it  can  be  grown  aa 
readily  as  com,  and  is  a  hardy  plant.  It  grows  from  Maine  to  Florida, 
being  more  suitable  for  cultivatioa  in  the  United  States  than  the  sugar 
cane.  The  juice  is  obtained  in  the  same  way  as  that  of  the  sugar  cane. 
Sorghum  sugar  can  be  successfully  manufactured  on  the  farm,  in  a  small 
way,  by  crushing  or  grinding  the  stalk  in  a  small  horse-power  mill.  The 
juice  is  evajxirated  in  a  series  of  shallow  pans  which  allow  skimming  in 
the  earlier  stages  of  boiling.  The  balance  of  the  prcK-ess  is  similar  to  that 
used  in  making  sugar  from  sugar  cane.  Sorghum  cane  yields  a  sirup 
equal  to  that  of  the  best  sugar  refineries,  and  although  there  is  a  little 
difficulty,  owing  to  the  presence  of  starch,  the  sugar  is  refined  and  crystal- 
lized as  well  as  that  of  the  sugar  cane. 

Soon  after  the  Civil  War,  1861-65,  owing  to  the  scarcity  and  high 
price  of  sugar,  sorghum  sirup  was  extensively  manufactured  throughout 
the  Southern  states.  In  1879  more  than  28,500,000  gallons  were  pro- 
duced. It  is  a  wholesome,  palatable  sirup  and  contains  36  per  cent 
sucrose,  27  per  cent  reducing  sugar. 

Maple  Sugar. — The  North  American  Indians  were  the  first  manufac- 
turers of  maple  sirup(8).  All  species  of  the  maple  tree  yield  a  sweet  sap, 
but  the  silver  maple,  red  maple  and  black  maple  are  species  best  adapted 
for  making  sugar.  The  sap  of  the  tree  abounds  in  sucrose  or  cane  sugar, 
which  is  obtained  in  the  following  manner:  In  the  early  spring,  while 
the  cold  is  still  intense,  the  tree  is  bored  on  the  south  side  of  its  tnmk 
with  an  auger  in  tw^o  places  five  inches  apart,  at  a  height  of  about  twenty 
inches  from  the  ground.  The  holes,  one-half  inch  in  diameter,  are  made 
obliquely  upwards  so  that  a  tube  fixed  into  them  directs  the  sap  into  a  ves- 
sel placed  below.  Sometimes  the  tube  is  a  piece  of  elderwood  with  the  pith 
removed.  The  sap  flows  for  about  six  weeks  during  the  warm,  sun- 
shiny days  and  frosty  nights  of  early  spring;  it  is  collected  each  day, 
strained  and  boiled  at  once,  never  being  kept  longer  than  twenty-four 
hours.  It  is  boiled  in  open  pans  or  kettles  to  the  point  of  crystallization 
and  is  then  poured  into  moulds,  where  it  sets.  "Maple  sugar  is  not  usually 
refined,  as  that  would  destroy  the  peculiar  characteristic  of  the  sugar. 
A  good  quality  of  maple  sirup  weighs  11  pounds  to  the  gallon.     The 
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sucrose  content  is  62.6  per  cent  and  invert  sugar  1.47  per  cent.  The 
maple  sugar  and  sirup  industry  is  principally  confined  to  the  following 
states :  New  York,  Ohio,  Pennsylvania,  West  Virginia  and  the  New  Eng- 
land states.  In  1909,  4,106,418  gallons  of  sirup  were  produced  and 
14,000,000  pounds  of  maple  sugar  were  made.  It  is  prized  chiefly  for 
its  ethereal  substances  which  produce  flavor  and  aroma.''  In  the  early 
period  of  the  American  Colonies,  in  addition  to  honey,  maple  sugar  was 
the  chief  sweetening  substance,  and  it  was  very  cheap.  Under  the  im- 
proved methods  of  making  sugar  from  the  cane  and  beet,  these  have 
largely  taken  the  place  of  maple  sugar.  The  liquid  which  drains  from 
the  crystals  is  "maple  sirup,"  which  is  prized  as  a  table  sirup. 

An  average  tree  yields  about  four  pounds  of  sugar  in  a  season,  each 
pound  being  derived  from  four  to  five  gallons  of  sap.  The  maple  sugar 
is  dark  brown  and  has  the  following  composition: 

Cane  sugar 89.00  per  cent 

Glucose 2.50         " 

Ash    54        " 

Moisture    4.30         " 

Undetermined   3.66        " 

Maple  sugar  is  very  easily  made :  the  farmer  needs  no  other  machinery 
than  a  few  pans  or  kettles  in  which  the  sap  is  concentrated,  and  the  moulds 
in  which  the  sugar  crystallizes  while  the  sirup  drains  away.  The  farmer 
can  manufacture  200  or  300  pounds  in  two  or  three  weeks.  It  can  be 
made  very  easily  in  the  modern  vacuum-pan  and  centrifugalizer.  The 
sugar  can  be  refined,  and  100  pounds  will  yield  about  83  pounds  of  re- 
fined product.  As  already  indicated,  refining  is  rare,  because  the  demand 
for  the  unrefined  product  is  equal  to  the  output,  and  besides  its  flavor  is 
destroyed  by  the  refining  process. 

Palm  Sugar. — Palm  sugar,  also  called  ^^date"  or  "jaggery"  sugar,  has 
been  used  in  India  from  time  immemorial,  and  is  consumed  throughout 
the  East (9).  The  juice  from  which  the  sugar  is  made  is  obtained  by  in- 
cisions in  the  tree  or  flower  stalk  of  the  palm  tree  and  by  the  natives  is 
called  "tardy."  The  juice  contains  a  large  amount  of  cane  sugar  or 
sucrose.  It  is  readily  fermented  and  forms  palm  wine,  which  being  dis- 
tilled yields  the  spirit  known  as  "arrack."  This  beverage,  which  is  in 
common  use  among  the  Hindoos  and  Malays,  often  contains  50  per  cent 
of  absolute  alcohol.  In  sugar  making  the  sap  is  neutralized  by  lime, 
boiled  immediately,  filtered  and  clarified  as  in  the  making  of  sugar  from 
the  sugar  cane  juice.  Three  quarts  of  sap  are  necessary  to  produce  one 
pound  of  sugar.     The  sap  contains  more  glucose  or  invert  sugar  than 
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sugar  cane  juice  does ;  consequently  the  product  is  of  low  quality  and  re- 
mains as  moist  or  raw  sugar.  According  to  Tborpe't  "Dictionary  of  Ap- 
plied Chemistry,"  the  composition  cf  palm  sugar  ia  aa  follows: 

Cane  sugar   78.00  [ter  cent 

Glucose    H.1I3       " 

Moisture    6.74       ** 

Undetermined    3.76       " 

Formerly  it  was  imported  inti*  luirope  in  considerable  quantities, 
especially  when  the  sugarcane  harvest  was  poor;  but  owing  to  tlie  devel- 
opments of  the  beet  sugar  industry,  there  is  now  little  demand  for  pulni 
sugar.  It  is  principally  in  demand  at  the  present  time  by  brewers  and 
distillers. 

Comparison  of  Production  of  Sugar  Cane,  Sugar  Beet,  Sorghum 
Cane,  Maple  Tree  Sap  and  Palm  Tree  Sap. — The  foregoing  briefly  out- 
lines the  production  of  sugar  from  nngar  cane,  sugar  beet,  sorghum  cane, 
maple  tree  sap  and  palm  tree  sap.  Until  about  1810  sugar  cane  fur- 
nished practically  the  world's  supply  of  sugar;  since  that  time  the  beet 
sugar  industry  has  developed  by  leaps  and  bounds,  until  about  1884,  when 
the  amount  of  production  of  sugar  from  the  two  sources  was  about  the 
same.  By  1889  almost  twice  as  much  sugar  was  made  from  beets  as  from 
cane — largely  due  to  the  fact  that  the  sugar  industry  in  Cuba  had  been 
almost  extinguished  by  the  Spanisli-American  War.  Soon  after  the  res- 
toration of  peace  in  Cuba,  the  amount  of  production  of  sugar  from  beets 
and  cane  again  became  about  alike.  Tt  is  estimated  that  the  world's  pro- 
duction of  sugar  in  the  year  1912  and  1913  amounted  to  9,178,574  tons 
manufactured  from  sugar  cane  and  8,968,064  tons  manufactured  from 
the  sugar  beet.  The  production  of  sugar  by  the  ten  leading  countries  for 
the  same  period  of  time  is  given  by  Browne (10),  as  follows: 

SUGAR  PRODUCTION  BY  COUNTRIES 

(1)  Germany 2,700,913  tons  (Beet) 

(2)  British  India 2,583,800     "  (Cane) 

(3)  Cuba 2,428,537     «  • 

(4)  Austria 1,901,615     -  (Beet) 

(5)  United  States  and                                                             (\M6J73  (Cane) 

Its  Colonies 1,770,837     •        624,064)       (Beet) 

(6)  Russia 1,374,500    -  - 

7  Java 1,331,180    «  (Cane) 

8  France 960,900    •  (Beet) 

(9)  Holland 316,177     «  - 

(10)  Belgium 298,584 

The  total  amount  of  sugar  consumed  in  the  continental  United  States 
is  nearly  4,000,000  tons  or  8,000,000,000  pounds,  or  about  85  pound.<i 
41 
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per  capita.    The  value  of  the  sugar  consumed  in  the  United  States  at  the 
present  (1917)  prevailing  war  prices  is  $72,000,000. 

The  following  table  gives  the  sugar  consumption  per  capita — all  kinds 
included — and  the  retail  cost  per  pound  to  consumers: 

CONSUMPTION   OF    SUGAR   PER    CAPITA   IN   LEADING    COUNTRIES 

OF    THE   WORLD 


Consumption  per 
Capita 

Retail  Price  per 
Pound,  1911 

Great  Britain 

91.63 
84.23 
79.20 
76.34 
57.98 
47.91 
42.84 
10.10 
7.90-7.94 

5 
5 

5.69 
5.10 
8.00 
5.90 
5.90 
14.00 
8.70 

cents 

Denmark 

(( 

United  States 

Switzerland 

« 

Sweden 

u 

Germany 

u 

France 

u 

Italy 

u 

Servia 

u 

Sugar  refining  is  not  absolutely  necessary  so  far  as  raw  cane  sugar  is 
concerned,  as  it  has  a  sweet  aromatic  taste  and  can  be  used  without  refin- 
ing for  all  domestic  purposes.  The  raw  beet  root  sugar,  as  we  have  al- 
ready learned,  is  not  so  agreeable ;  it  has  a  soapy  taste  and  an  odor  resem- 
bling glue  which  renders  refinement  essential. 

Principles  of  Sugar  Refining. — The  first  principle  in  refining  sugar 
consists  in  washing  off  as  much  of  the  molasses  which  adheres  to  the  crys- 
tals of  raw  sugar  as  is  practicable;  then  the  crystals  are  dissolved,  puri- 
fied and  decolorized,  and  the  sugar  recovered  in  a  purified  state  by  re- 
crystallization.  While  the  process  is  simple  in  principle,  the  large  scale 
upon  which  it  must  be  carried  out  and  the  extreme  precautions  necessary 
to  guard  against  apparently  small  losses  if  the  industry  is  to  be  econom- 
ically successful,  require  elaborate  equipments  and  constant  chemical  con- 
trol which  we  will  not  undertake  to  describe  here.  Those  interested  can 
find  an  elaborate  description  of  the  process  in  an  article  by  Home,  of 
Columbia  University,  published  in  the  School  of  Mines  Quarterly,  April, 
1911 ;  also  an  article  by  Browne,  School  of  Mines  Quarterly,  1913,  and 
Davoll,  Technical  Account  and  Chemical  Control  in  Sugar  Manufacture, 
Journal  of  Industrial  Chemistry,  1913,  vol.  v,  pp.  231-234. 

Loaf  Sugar. — According  to  Tibbies,  "Loaf  sugar  is  produced  as  follows : 
Masse-cuite  of  a  known  density  is  heated  to  187°  F.  and  poured  into 
moulds ;  when  cold  it  consists  of  a  mass  of  fine  crystals.  The  moulds  are 
left  for  trwelve  hours  until  the  sugary  mass  is  so  thick  that  there  is  no 
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danger  of  the  crystals  settling  out  and  forming  an  unequal  mixture.  The 
spigot  is  then  drawn,  a  wire  pushrd  into  the  sugar  two  or  three  inches  deep, 
and  it  is  left  to  drain.  After  twenty-four  hours  the  sirup  ceases  to  run,  and 
the  surface  of  the  loaf  is  then  hardened  by  pouring  in  a  highly  concen- 
trated sirup.  In  twenty-four  hours  more  the  loaves  are  removed  from 
the  moulds ;  they  are  then  racked  for  ten  to  fourteen  days  in  a  drying  room 
where  the  temperature  is  120°  F." 

Cube  Sug^ar — Cube  sugar  is  cut  into  shape  by  clippers  or  machinery. 
The  process  for  making  cube  sugar  is  longer  than  that  used  in  the  manu- 
facture of  loaf  sugar.  Pure  white  moist  reiined  sugar  is  mixed  with 
enough  sirup  to  hold  the  crystals  in  a  mass.  This  is  passed  by  a  hopper 
into  a  centrifugal  machine.  The  latter  consists  of  a  revolving  drum  on 
which  are  arranged  a  series  of  moulds  for  forming  the  sugar  into  cubes. 
The  hopper  is  above  the  moulds,  and  the  sugar  passes  from  the  hopper  to 
be  pressed  by  a  plunger  into  the  moulds.  Later  the  cubes,  still  moist,  are 
dried  in  a  steam-heated  stove. 

Granulated  Sugar. — Granulated  sugar  is  produced  from  a  sirup  at  the 
masse-cuite  stage.  The  liquid  is  quickly  concentrated  until  it  shows  a 
sharp  grain,  after  which  it  is  centrifugalized  in  order  to  separate  sirup 
or  molasses.  Washing  removes  from  the  crystals  any  remaining  sirup  or 
debris.  The  sugar  is  now  ready  for  the  granulating  machine.  This 
machine  consists  of  a  steam-heated  double  cylinder  arranged  at  an  incli- 
nation. Into  one  end  of  the  cylinder  are  poured  the  moist  crystals,  which, 
as  the  machine  revolves,  fall  upon  the  central  heated  cylinder.  The 
moisture  is  carried  off  by  an  air  current  passing  through  the  large  cyl- 
inder. The  inclination  of  the  cylinder  causes  the  sugar  to  pass  down 
gradually  to  the  lower  end,  from  which  it  emerges  as  snow-white  crystals. 
The  last  step  in  the  process  is  the  sorting  of  the  crystals  into  (a)  large 
or  coffee  crystals,  (b)  medium  crystals,  i.e.,  ordinary  granulated  sugar, 
and  (c)  small  crystals,  or  castor  sugar. 

Powdered  Sugar. — Powdered  sugar  is  obtained  from  the  waste  made 
from  the  cutting  of  loaf  or  cube  sugar  and  from  the  dressings  left  in)m 
granulated  sugar.  These  remnants  are  reduced  to  a  powder  in  a  disinte- 
grator, and  passed  through  several  dressing  reels  to  separate  it  into  vari- 
ous grades  of  fineness. 

Rock  Candy. — Kock  candy  is  the  purest  form  of  cane  sugar.  It  is 
made  by  dissolving  cane  sugar  and  heating  to  230°  F.  In  this  solution 
strings  are  suspended,  and  as  the  solution  cools,  the  sugar  crystallizes 
upon  the  strings.  In  order  to  obtain  good  crystals,  the  sugar  solution 
must  stand  for  several  days  in  a  warm  room,  where  the  cooling  takes  place 
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slowly.  Flowers  and  fruits  may  be  suspended  in  the  sugar  solution, 
and  the  product  is  known  as  "crystal  flowers  and  fruit." 

Caramel,  Burnt  Sugar,  or  Black  Jack. — This  is  prepared  by  heating 
sugar  to  the  temperature  of  374°  to  406°  F.  In  this  process  the  chem- 
ical composition  of  the  original  sugar  remains  unchanged,  although  the 
properties  of  the  product  are  entirely  transmuted.  Caramel  is  slightly 
bitter,  but  gives  an  agreeable  flavor  to  confectionery.  It  is  extensively 
used  to  give  a  brownish  color  to  food  products.  Its  principal  use  is  that 
of  an  adulterant. 

Molasses. — Molasses  is  obtained  as  a  by-product  in  the  manufacture  of 
crystallized  sugar.  According  to  the  definitions  and  standards  of  the 
Association  of  Official  Agricultural  Chemists,  '^Molasses  is  the  product 
left  after  separating  the  sugar  from  the  masse-cuite,  and  contains  not  more 
than  25  per  cent  of  water  and  not  more  than  5  per  cent  of  ash.  This 
standard  would  practically  confine  the  term  molasses  as  a  commercial 
designation  for  human  food  to  material  of  the  nature  of  the  ^first  mo- 
lasses' of  modern  sugar  manufacture."  The  "mother  liquor,"  as  the 
chemists  call  it,  from  which  the  sugar  has  been  crystallized,  is  the  molasses. 
It  contains,  besides  sucrose,  some  of  the  uncrystallizable  sugar  of  the  orig- 
inal juice  and  all  the  "invert  sugar"  produced  in  the  process  of  manu- 
facture, besides  those  of  soluble  impurities  and  the  mineral  salts  of  the 
original  juice. 

Sirup. — Sirup,  on  the  other  hand,  is  the  product  obtained  after  the 
evaporation  of  the  original  juice  from  which  no  sugar  has  been  removed; 
as  a  result,  we  have  sugar  cane,  sorghum  and  maple  sirup.  Of  these, 
maple  sirup  commands  the  highest  price.  In  the  process  of  manufactur- 
ing cane  sugar  by  the  open  pan  method,  the  juice  is  boiled  down  in  open 
pans  or  kettles  and  passed  from  one  to  another  as  it  reaches  a  certain 
degree  of  concentration,  and  finally  run  into  shallow  tanks  and  stirred 
until  it  becomes  a  crystalline  mass  of  sugar  and  molasses.  It  is  then 
dumped  into  hogsheads  provided  with  holes  in  the  bottom,  and  allowed 
to  drain  for  some  time.  The  resulting  product,  called  "raw  sugar,"  is 
put  upon  the  market,  and  the  molasses  which  runs  into  cisterns  beneath  the 
hogsheads  is  shipped  as  "New  Orleans  molasses."  In  the  manufacture 
of  sugar  by  the  vacuum  process,  the  drippings  and  workings  of  the  first 
masse-cuite  are  boiled  down  to  make  a  "second  sugar,"  and  the  drippings 
from  this  boiled  to  make  a  third  masse-cuite.  The  "third  molasses" 
necessarily  contains  all  the  impurities  of  a  considerable  amount  of  juice. 
The  last  molasses  according  to  this  process  is  known  as  "black  strap."  It 
is  fermented  to  make  alcohol  and  used  to  some  extent  as  a  food  for  mules 


SUGAR 


623 


and  southern  ue^rrocs.  Oikmj  pan  sirup,  or  sugar  cane  airup,  iiiakro  a 
very  satisfactory  molasses^  1 1).  This  sirup  is  mado  by  clarifying  and 
evaporating  the  sugar  cano  juice  to  a  consistency  in  which  2r>  to  ;jb  im 
cent  of  water  remains.  During  the  process  tlie  scum  is  carefully  rem<»ved, 
and  the  final  sirup  is  strained.  No  lime  or  other  chemical  is  used  in  the 
process.  Sugar  house  molasses  is  obtained  in  the  process  of  sugar  ref.ning, 
and  has  already  been  referred  to.  'Jliis  molasses  is  of  a  much  lighter 
color  than  the  product  from  the  sugar  factory  (black  strap),  but  contains 
a  very  large  amount  of  organic  substance  other  tlian  the  sugar.  It  is 
not  a  suitable  food  unless  used  in  small  (juantities. 

Molasses  Produced  by  the  Open  Kettle  Process  of  Boiling Molasses  pro- 
duced in  this  way  is  the  most  highly  appreciated,  and  is  a  suitable  article 
of  diet  in  the  South,  where  it  can  oidy  l)e  obtained,  since  the  modem 
process  of  sugar  making  has  practically  eliminated  this  open  kettle 
method  from  the  market.  To  supply  its  place,  the  manufacture  of  sirup 
directly  from  the  sugar  cane  and  without  the  separation  of  any  kind  of 
sugar  has  come  to  be  practiced  extensively  in  Georgia,  Alabama,  Florida, 
Lonisiania,  Mississippi.  This  sirup  fonns  a  delicious,  wholesome  and 
valuable  condiment,  the  use  of  which  is  rapidly  extending — and  owing 
to  its  wholesomeness  it  should  become  an  important  food  product. 

The  color  of  sirup  does  not  by  any  means  foretell  its  taste  or  food 
value.  The  dark  color  in  some  sections  is  still  associated  in  the  minds  of 
many  with  the  flavor  of  old-fashioned  molasses.  Molasses  of  a  light  color 
is  preferable  for  the  table,  and  while  the  light  colored  varieties  are  very 
popular,  it  does  not  signify  that  the  brown  colored  sirup  is  not  a  good 
quality. 

Difference  in  Composition  between  Molasses  and  Successive  Crysialli- 
zations  of  Sugar. — The  following  table  from  Wiley (12),  containing  the 
analysis  of  first,  second  and  third  molasses,  will  illustrate  the  difference 
in  composition  between  molasses  and  successive  crystallizations  of  sugar: 

COMPOSITION  OF  FIRST,  SECOND  AND  THIRD  MOLASSEB 


Water 

Sucrose  (cane  sugar) 
Dextrose  (glucose) . . 
Levulose  (fructose). 
Acids  and  gums. .  . . 

Proteins 

Amids 

Ash 


First 

Second 

Third 

Molasses 

Molasses 

Molaim 

% 

% 

% 

20.00 

20.00 

2000 

53.60 

41.70 

31.70 

8.76 

12.20 

15.00 

8.00 

12.50 

16  50 

4.50 

6.50 

S.20 

0.20 

0.25 

0.30 

0.94 

1.50 

2.00 

4.00 

3.35 

6.30 
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SORGHUM  .SIRUP. — Sorghum  sirup  is  extensively  manufactured  in  the 
Middle  West,  Kentucky,  Tennessee,  Missouri,  Kansas,  Texas,  Georgia 
and  North  and  South  Carolina,  the  sorghum  cane  being  grown  extensively 
for  the  manufacture  of  sirup  for  local  use.  Soon  after  the  Civil  War  this 
industry  was  carried  out  on  an  extensive  scale,  due  to  the  high  prices  of 
sugar.  In  1879  more  sorghum  sugar  was  manufactured  in  the  United 
gtates — 28,500,000  gallons  more  than  before  or  since.  Sorghum  sirup 
is  very  easily  made  on  a  small  scale,  as  the  cane  can  be  grown  as  readily 
as  corn  and  is  easily  crushed  in  a  small  mill  operated  by  horse  power. 
The  juice  obtained  is  evaporated  in  a  series  of  shallow  pans  which  allow 
skimming  in  the  earlier  stages  of  boiling.  The  sirup  is  wholesome  and 
nutritious,  and  on  account  of  its  peculiar  piquant,  pleasing  flavor  it  is 
very  palatable  and  inviting.  It  contains  about  36  per  cent  of  sucrose  and 
27  per  cent  of  reducing  sugar.  The  yield  of  sorghum  is  from  50  to  100 
gallons  of  sirup  per  acre. 

COMMERCIAL  SIRUPS.— Many  of  the  sirups  on  the  market  are  mix- 
tures of  various  saccharine  products,  which  contain  glucose  as  their 
base;  and  while  they  may  be  wholesome,  they  are  not  so  sweet  as  sirup 
made  from  sugar  cane.  In  making  this  sirup  the  glucose  is  warmed  (18), 
and  with  it  is  mixed  some  maple  sirup,  brown  sugar,  refiner's  molasses, 
cane  sugar  molasses,  or  sorghum  molasses.  In  many  states  the  manufac- 
turer is  required  to  label  this  product,  naming  the  percentage  of  each 
ingredient  in  the  compound.  The  chief  excuse  for  the  sirups  i&  their 
cheapness.  They  are  liable  to  contain  an  excess  of  mineral  impurities 
or  bleached  substances  which  make  them  unwholesome.  It  is  beyond 
question  that  any  such  sirup  can  ever  compete  in  delicacy  of  flavor  or  in 
wholesomeness  with  pure  maple  sugar  or  the  open  pan  sugar  cane  sirup 
or  plain  sorghum  sirup. 

MIXED  SIRUPS. — Mixed  sirups  contain  coloring  matter  and  flavoring 
substances  which  distinguish  the  brown  or  yellow  raw  cane  sugar  from  the 
white  refined  sugar  as  it  appears  in  commerce.  The  characteristic  flavor 
of  the  raw  sugar  which  is  thus  left  in  the  sirup  in  the  refining  process 
is  preferred  by  many  people  to  the  mere  sweetness  of  sucrose  or  glucose; 
however,  the  refiner's  sirup  is  in  demand  for  mixing  with  commercial 
glucose  sirup.  Other  mixed  sirups  are  made  from  commercial  glucose  or 
corn  sirup,  with  refined  sugar  cane  sirup.  The  product  is  practically 
colorless  with  sorghum  sirup  made  by  boiling  down  the  juice  of  the  sor- 
ghum cane,  or  with  sirup  made  by  concentrating  the  juice  of  the  sugar 
cane  without  removing  any  of  the  sugar.     Other  mixed  sirups  are  thus 
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made  by  mixing  either  glucose  or  sucrose  with  maple  simp.  Commer- 
cial and  mixed  sirups  ditTer  chiefly  from  the  maple,  cane  and  sorghum 
sirup  ill  their  color.  The  former  ^omkIh  should  !h»  m  inarke*!  that  the 
purchaser  may  know  whether  they  (oiitain  glucose  or  whether  they  are 
true  sirups  made  from  cane  juice  without  any  of  the  sugar  rcmovetl.  It 
should  be  observed  that  the  glucose  in  the  mixed  and  ccmimercial  sirup 
frequently  contains  recognizable  quantities  of  sulphuric  aci<l,  and  if  the 
acid  be  impure,  it  may  also  contain  arsenic;  there  may  also  Ik?  a  little 
sulphuric  acid  used  for  bleaching,  and  the  salts  are  chiefly  sulphates 
and  chlorids.  The  composition  of  various  sirups  is  given  in  the  table 
below  (14): 


THE   COMPOSITION  OF   SIRUPS,   PERCENTAGES 


Maple  Sirup: 

Minimum 

Maximum 

Twenty  analyses: 

Average 

Cane  Sirup: 

Average 

Sorghum  Sirup: 

Average 

Golden  Sirup: 

Average 


Water 


19.01 
40.26 

31.40 

25.80 

28.60 

22.70 


Sucrose 


22.94 
64.45 

64.10 

52.00 

36.70 

39.00 


Invor- 
tose 


Trace 
32.79 

1.30 

17.60 

26.60 

33.00 


Ash 


.33 
1.14 

.30 

1.20 

4.00 

2.50 


Unde- 
ter- 
mined 


1.80 
25.65 


2.80 


Authority 


Wiley,  Chem.  Nevn, 
1885,  ii,  89. 

WUey,  "Foods," 
etc.,  p.  473. 


"Practical    Gro- 
cer," ii,  163. 


The  adulterations  to  which  molasses  and  sii-up  are  liable  have  already 
been  referred  to  (p.  622).  Ultramarine  when  added  to  granulated  sugar 
or  sirup  is  considered  an  adulteration ;  so  also  are  the  salts  of  tin,  which 
are  indeed  poisonous  (p.  623).  It  is  considered  permissible  to  add  starch, 
not  exceeding  1  per  cent,  to  powdered  sugar,  so  that  the  latter  will  retain 
its  pulverulent  nature  and  not  betx)me  lumpy;  but  the  addition  of  any 
mineral  substance  such  as  chalk  or  magnesium  for  this  purpose  should 
not  be  permitted.  Sulphites  in  any  quantity  remaining  in  the  sugar 
sirups  or  molasses  is  injurious  to  health (15). 

Saccharin. — Saccharin,  CgH^CO.  SOgNH,  is  a  white  crystalline  coal 
tar  product,  soluble  in  400  times  its  bulk  of  cold  water.  When  pure  it  is 
550  times  sweeter  than  cane  sugar.  It  is  not  a  sugar,  neither  does  it  pos- 
sess any  nutritive  properties,  and  there  seems  to  be  considerable  proba- 
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bility  that  if  taken  continuously  for  a  long  period  of  time,  it  would  be 
injurious.  In  the  United  States  its  use  is  not  allowed  in  foods  or  bever- 
ages, and  its  manufacture  is  forbidden  in  Germany  and  Italy.  The  Ref- 
eree Board  of  Food  Inspection,  in  Decision  No.  135,  reported  to  the  Secre- 
tary of  the  Treasury,  says:  "The  continued  use  of  saccharin  for  a  long 
time  in  quantities  over  .3  of  a  gram  per  day  is  liable  to  impair  digestion." 
The  addition  of  saccharin  as  a  substitute  for  cane  sugar  or  other  forms 
of  sugar  reduces  the  food  value  of  the  sweetened  product  and  hence  lowers 
its  quality.  The  findings  of  this  Board  show  that  saccharin  in  food  exerts 
a  deleterious  effect  upon  the  health  of  the  consumer. 

Saccharin  is  neither  a  vegetable  nor  a  mineral  substance;  it  is  not  a 
condiment,  because  it  does  not  stimulate;  it  is  not  a  food,  because  it  does 
not  nourish ;  it  is  not  a  drug,  because  it  possesses  no  curative  properties ; 
it  is  not  a  food  accessory,  because  it  is  a  laboratory  manufactured  chem- 
ical. It  is  sweet,  but  unlike  sugar;  it  takes  away  the  appetite  without 
appeasing  through  any  nourishing  properties. 

Glucose. — Glucose,  properly  speaking,  is  the  generic  name  for  the 
hexoses  (CgHioOe)  or  six  carbon-atom  carbohydrates,  and  more  particu- 
larly of  dextrose,  or  grape  sugar,  which  occurs  in  so  many  plants  and 
fruits.  Commercial  glucose,  according  to  Bailey,  is  obtained  by  boiling 
starch  with  acids.  "The  process  depends  on  the  principle  of  the  'hydrol- 
ysis,' as  it  is  called,  of  starch  by  heat  and  dilute  acid.  The  manufacture 
of  the  starch  and  its  conversion  into  glucose  are  more  economically  con- 
ducted in  the  same  factory.  In  the  United  States,  the  starch  is  manufac- 
tured from  corn.  It  is  accomplished  by  steeping  the  corn  until  it  is  softened 
to  loosen  the  germs  from  the  grain.  The  meal  is  ground  fine.  The  next 
process  consists  in  'inverting'  the  starch,  and  this  is  accomplished  in 
large  copper  boilers  by  the  use  of  about  six  pounds  of  hydrochloric  acid 
to  10,000  pounds  of  starch  (16).  After  being  heated  for  some  time  under 
pressure,  it  will  be  found  that  no  starch  remains.  The  free  acid  is  then 
neutralized  with  sodium  carbonate,  and  the  solution  is  decolorized  by  fil- 
tering through  bone  black.  It  is  then  passed  into  vacuum  pans  and  concen- 
trated by  methods  similar  to  those  employed  with  cane  sugar  juice.  The 
concentration  is  carried  to  the  point  of  producing  a  heavy,  thick  sirup 
which  contains  about  35  per  cent  of  dextrose,  from  4.6  to  19.3  per  cent 
of  maltose,  and  from  29.8  to  45.3  per  cent  of  dextrin." 

Glucose  is  very  extensively  used  as  a  constituent  of  many  table  sirups, 
as  a  sweetening  in  the  manufacture  of  jams  and  jellies;  it  is  also  used 
in  making  artificial  honey  and  as  a  substitute  for  malt  in  brewing.  Glu- 
cose is  deficient  in  sweetening  power  as  compared  to  cane  sugar.     The 
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relation  is  about  3  to  5.  The  total  amount  of  giucciue  and  grape  sugar 
produced  annually  in  the  United  StateH  \h  alxnit  one  billion  poundB,  and 
in  this  industry  no  less  than  tifty  million  buHbclH  of  corn  are  uned.  This 
product  is  the  output  of  a  very  few  factories  which  control  this  manu- 
facture. 

There  is  a  great  demand  for  artificial  glucose  or  sUrch  MUKar,  which 
is  produced  by  a  combination  of  dextrose,  maltose,  dextrin  and  unfer- 
mentable  bodies.  Although  prepared  for  immediate  absorption  from  the 
stomach  and  intestine  and  for  assimilation,  pluco8e(17)  is  of  little  service 
for  flavoring  other  articles  of  fm)d,  for  when  ho  used  it  is  apt  to  produce 
flatulent  dyspepsia  with  acid  eructations.  If  glucose  is  eaten  as  a  food 
in  the  form  of  candy  or  otherwise,  it  overloads  the  system  by  being  too 
promptly  absorbed. 

Confectionery. — Included  under  this  heading  are  various  products 
manufactured  largely  from  sugar  of  one  kind  or  another.  Flavoring  and 
often  some  coloring  material  are  used.  In  certain  instances  the  latter  is 
developed  by  cooking.  The  sweets  are  ''boiled''  or  "unlwiled,"  accord- 
ing to  the  method  of  treating  the  sugar.  In  some  of  these  pnxlucts  pure 
cane  sugar  alone  is  used;  in  others  cane  sugar  and  commercial  glucose 
or  invert  sugar  are  combined.  The  desired  consistence  is  attained  by 
boiling  or  other  methods.  By  dipping  fruits  and  flowers  into  concen- 
trated firups  the  former  are  preserved  entire.  By  a  similar  proces-s, 
nuts  and  seeds  are  converted  into  candy.  On  account  of  the  variety  of 
materials  used  in  confectionery  they  are  difficult  to  classify.  However, 
cane  sugar  or  glucose  is  the  basis  of  all  confectionery.  Among  other 
materials  used  are  flavors,  extracts,  coloring  matter,  gum  arabic,  milk 
products,  gums,  flowers,  fruits,  caramel  and  chocolate.  In  moulding 
certain  kinds  of  candy,  starch  is  used,  a  little  remaining  in  the  fin- 
ished product.  Rock  candy  has  already  been  described  on  page  621. 
Cane  sugar  only  can  be  used  for  making  the  best  quality  of  cream 
candy  and  bonbons.  Starch  is  used  in  moulding  some  varieties  of 
confectionery,  and  is  present  in  small  quantities  in  the  manufactured 
product. 

White  Candy. — White  candy  is  the  product  when  pure  loaf  suerar 
has  been  used.  It  consists  of  80  per  cent  of  cane  sugar  and  20  per  cent 
of  water  of  crystallization.  Colored  sugar  candy  is  made  chiefly  in  Hol- 
land, Germany  and  Belgium,  from  white  or  brown  sugar. 

Sugar  Drops. — Sugar  drops  and  small  sweets  of  various  kinds  are 
m.ade  by  evaporating  cane  sugar  sirup  do\^Ti  to  the  crj'stallizing  point 
until  it  hardens. 
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Soft  Candy. — According  to  Bailey,  soft  candy  is  made  by  heating- 
sugar  in  water  to  which  cream  of  tartar  and  a  few  drops  of  acetic  acid 
have  been  added.  This  mass  is  rapidly  heated,  usually  in  a  copper  kettle, 
until  the  temperature  of  246°  E.  is  reached,  when  it  is  poured  on  a  marble 
slab  and  partially  cooled.  It  is  then  worked  with  suitable  tools  until  it 
creams — an  operation  quite  similar  in  its  results  to  the  old-time  method  of 
''pulling  the  candy."  This  product  is  used  as  a  basis  for  the  manufac- 
ture of  cream  chocolates  and  similar  confections.  It  may  be  warmed  and 
run  into  moulds  of  various  shapes. 

Hard  Candy. — ''Hard  candy,"  according  to  Bailey,  "is  produced  by 
mixing  cane  sugar,  glucose  and  water,  and  bringing  the  mixture  to  a  tem- 
perature of  310°  to  330°  E. ;  then  it  is  poured  onto  a  slab  as  with  soft 
candy,  and  the  flavor,  usually  an  essential  oil,  added.  In  working  the 
batch  on  the  slab,  the  edges  are  continually  turned  in  toward  the  center. 
After  it  has  been  worked  and  there  is  a  tendency  to  become  'hard,'  it  is 
thrown  over  a  hook  placed  on  the  wall,  and  'pulled'  until  it  becomes 
white.  The  mass  is  then  warmed  and  suitable  portions  are  taken  to  a 
table  and  rolled  by  hand  to  form  stick  candy." 

THE  ADULTERATION  OF  CONFECTIONERY.— This  process  is  being 
carefully  watched  by  the  Department  of  Agriculture  at  Washington.  A 
few  vegetables  and  a  few  animal  colors  are  admitted  to  be  satisfactory, 
but  mineral  colors  are  universally  condemned.  The  aniline  coal  tar 
colors,  which  have  lately  come  into  common  use  for  coloring  confection- 
ery, have  not  been  looked  upon  with  favor  by  the  Department  of  Agri- 
culture. The  use  of  glucose  bleached  by  sulphites  is  another  source  of 
danger,  and  with  sugar  selling  at  $7.60,  and  glucose  at  $4.40  per  hundred- 
weight, one  can  readily  understand  the  temptation  of  the  manufacturer 
to  substitute  the  latter  for  the  former  in  the  making  of  confectionery. 
The  use  of  mineral  substances,  poisonous  colors  or  flavors  or  any  injuri- 
ous substance  is  discouraged  by  all  reputable  confectioners  in  the  making 
of  candy.  The  practice  of  coating  with  shellac  chocolate  or  other  confec- 
tionery is  not  allowed.  It  is  estimated  that  more  than  $80,000,000  is 
spent  annually  in  the  United  States  for  confectionery.  As  an  illustra- 
tion of  the  demand  for  confections,  it  may  be  stated  that  during  the 
Spanish-American  War,  one  New  York  firm (18)  shipped  over  fifty  tons 
of  confectionery  to  the  troops  in  Cuba,  Porto  Kico  and  the  Philippines. 

Honey. — Honey  is  defined  by  the  Association  of  Official  Agricultural 
Chemists  and  by  most  food  chemists  as  the  nectar  and  saccharin  exuda-* 
tions  from  the  nectariferous  glands  of  plants  and  flowers  gathered  into 
the  dilated  esophagus  of  the  bee,  afterward  disgorged,  modified  and  stored 
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in  the  comb  by  honey  bees.  Besides  its  unquestioned  food  value,  honey 
is  a  somewhat  forgotten  nMnedy  for  many  diseases.  Pythagoras  claimed 
that  honey  prolonged  his  life  for  many  yearri,  and  ancient  Qreeka  at- 
tributed many  virtues  to  it.  The  very  fact  that  the  honey  bee  subsists 
entirely  on  tlie  nectar  gathered  from  flowers  and  plants,  many  of  which 
have  a  medicinal  value,  suggests  that  honey  must  contain  many  of  the 
virtues  which  the  bee  extracts  for  its  f(H>d.  Genuine  honey  is  a  food  like 
none  other;  the  sugars  contained  in  it  are  dire<*tly  aHsiniilable.  lloncy 
imj)arts  to  the  human  economy  more  fuel  value  than  meat  or  eggs.  Thtj 
energy  or  fuel  value  of  an  egg  is  815  calories,  while  one  ounce  of  honey 
furnishes  95  calories.  The  industrious  honey  bee  gathers  the  nectar  from 
flowers  and  plants  for  its  daily  subsistence  as  well  as  for  a  future  store 
during  the  season  when  there  are  no  flowers.  Honey  has  been  used  by 
man  for  food  from  the  earliest  davy  of  which  we  have  any  record.  In 
prehistoric  times,  it  was  probably  the  only  sweetening  substance  known  to 
mankind.  .  It  has,  however,  lost  much  of  its  importance  as  a  confection 
since  the  production  of  cane  sugar  on  such  a  large  scale.  At  the  present 
time,  whether  considered  as  a  delicious  article  of  food  or  the  base  of  a 
wholesome  vinous  beverage,^  it  is  of  no  mean  value  as  a  food  product. 

Professor  Reclam  strongly  suggests  that  honey  be  used  more  largely 
instead  of  ordinary  sugar,  since  the  formic  acid  which  it  contains  prevents 
fermentation  and  its  accompanying  symptoms  of  flatulence  and  toxemia. 
An  analysis  by  Professor  Bunge  of  Basel,  Switzerland,  shows  that,  while 
sugar  contains  no  lime  or  iron,  honey  has  6.70  per  cent  of  lime  and  1.20 
per  cent  of  iron,  and  as  our  food  is  so  frequently  deficient  in  these  two 
elements,  owing  to  demineralization — e.g.,  white  patent  flours,  polished 
rice,  etc. — the  desirability  of  substituting  honey  for  sugar  is  urgent  and 
obvious. 

The  glucose  and  fructose  sugars  contained  in  honey  are  readily  assimi- 
lable, while  cane  sugar  must  first  undergo  changes  in  the  alimentary  canal 
before  it  can  be  absorbed.  Therefore,  if  cane  sugar  is  not  properly  di- 
gested, it  leads  to  fermentation,  acidosis  and  symptoms  of  indigestion  and 
subsequent  catarrh.  As  will  be  seen  from  the  analysis  given  below  by 
Bunge,  honey  has  a  combined  76.10  per  cent  of  grape  and  fruit  sugar, 
and  should  be  preferred  to  manufactured  cane  sugar  whenever  possible. 
A  further  study  of  this  analysis  emphasizes  the  great  value  of  the  organic 
mineral  salts,  especially  lime  and  iron.  The  antiseptic  formic  acid  adds 
to  its  value  as  a  health  food. 

1  See  Metheglin  described  under  the  heading  of  Beverages  and  Stimulants.  Chap- 
ter  XVI. 
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The  analysis  of  honey,  according  to  Browne  and  Bunge(19)_,  is  as 
follows  : 

Analysis  by  Browne  Analysis  by  Bunge 

Water 17.70  per  cent  Water 14.00  per  cent 

Sucrose 1.90  "  "  Sucrose  (Cane  Sugar) 2.00  "  " 

Fructose  (Levulose) 40.50  "  "  Fructose  (Fruit  Sugar).  . .  .34.60  «  « 

Glucose  (Dextrose) 34.48  "  «  Glucose  (Grape  Sugar). . .  .41.50  "  " 

Dextrin 1.51  "  «  Calcium 6.70  «  « 

Ash 0.18  «  «  Ferrum 1.20  "  « 

Undetermined 3.73  "  " 

In  some  instances  genuine  honey  has  been  found  to  contain  as  much 
as  8  per  cent  of  sucrose;  more  than  that  would  usually  show  that  the 
honey  is  either  abnormal  or  adulterated.  The  differences  in  flavor  are 
largely  due  to  the  characteristic  ethereal  substance  found  in  the  nectars 
of  different  flowers.  Some  flowers  yield  nearly  all  glucose  or  dextrose, 
and  others  chiefly  sucrose.  The  saccharine  matter  having  been  extracted 
from  the  nectaries  of  the  flowers  by  the  bee,  the  sucrose  is  inverted  to 
glucose  by  the  invert  in  enzyme  in  the  intestine  of  the  insect,  secreted 
as  honey,  deposited  in  the  cells  of  the  comb,  and  sealed  over  with  wax. 
Honey  is  either  extracted  or  sold  in  the  comb.  Honey  in  the  comb  is  more 
delicate  and  aromatic  than  that  which  has  been  extracted  for  some  time 
from  the  comb. 

The  color,  flavor  and  odor  of  honey  are  chiefly  due  to  the  foreign 
substances  in  it — namely,  to  the  flowers  from  which  the  nectar  was  gath- 
ered. It  is  the  possession  of  these  characteristics  which  causes  certain 
honey  to  be  so  highly  prized.  The  honey  bee  is  one  of  the  most  valuable 
of  insects  on  account  of  cross-pollinating  the  flowers  of  various  economic 
plants. 

There  are  a  number  of  instances  on  record  in  which  several  people 
have  been  poisoned  by  eating  honey  gathered  from  poisonous  flowers. 
Sometimes  such  honey  causes  headache,  nausea,  and  even  a  kind  of  intoxi- 
cation, but  fatal  illness  seldom  results.  The  soldiers  of  Xenophon,  in  his 
^^Retreat  of  the  Ten  Thousand,''  were  poisoned  by  honey,  which,  though 
it  did  not  act  fatally,  caused  those  who  ate  a  small  portion  of  it  to  become 
intoxicated,  and  those  who  ate  it  freely  to  become  delirious,  and  finally 
exhausted.  Honey  is  a  viscid,  transparent  liquid  or  soft  opaque  mass, 
becoming  gradually  more  opaque  with  age,  crystalline,  and  of  semi-solid 
consistency;  it  varies  in  color  from  white  or  pale  yellow  to  yellowish- 
brown  or  reddish-brown  (20).  It  has  a  characteristic  odor  and  sweet  taste, 
is  exceedingly  nutritive,  demulcent  and  laxative.  The  quality  of  honey  is 
much  influenced  by  the  character  of  the  flowers  visited  by  the  bees.     The 
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dillereiit  varieties  are  ^'buckwheat  liouey,"  which  is  of  a  dark  color  and 
has  a  str()n«r  Havor;  "white  clover  lioiiey,"  which  huH  a  rcpiiUtioii  of  po«- 
sessing  the  most  delicate  taste;  "sour  w<HMi  hoiiev,"  which  is  alno  much 
appreciated  for  its  picpiant  taste  and  deli<-atc  wliitish  api)earance.  Honey 
made  from  the  flowers  of  the  alfalfa,  apple  hloHH<unH,  golden  nxi,  gum 
tree  and  basswood  has  in  each  case  its  own  characteristic  flavor.  The  pro- 
duction of  honey  in  the  United  States,  according  to  statistics,  shows  that 
California  leads  in  its  production.  Other  in)portant  honey-producing 
states  are  New  Hampshire,  Pennsylvania  and  Ohio.  The  average  yield 
per  colony — gum  or  hive,  runs  from  twenty-five  to  tliirty  pounds  of  comb 
honey. 

The  ingenuity  of  man  has  devised  a  metliod  of  aiding  the  honey  bee 
in  producing  greater  amounts  of  honey.  Artificial  honey  combs  are  now 
made  from  paraffin,  and  are  stamped  into  cells  to  imitate  tiie  original. 
This  enables  the  bees  to  devote  all  their  time  and  energy  to  the  manufac- 
ture of  honey,  instead  of  wasting  time  in  the  manufacture  of  honey  comb. 
Bee-keepers  have  long  since  recognized  the  saving  of  time  and  labor  on 
the  part  of  the  bee  by  supplying  the  comb  ready  made. 

Digestibility  of  Sugar 

The  first  factor  which  determines  the  digestibility  of  sugar  is  its  chem- 
ical form.  No  matter  in  what  form  sugar  is  taken  into  the  stomach,  it 
can  only  be  assimilated  as  a  monosaccharid  (dextrose  or  levulose).  We 
learned  in  the  chapter  on  absorption  that  provision  is  made  in  the  alimen- 
tary canal  for  the  conversion,  by  means  of  suitable  ferments,  of  all  forms 
of  sucrose  (disaccharids)  into  dextrose  and  levulose.  It  is  of  importance, 
then,  from  a  trophodynamic  viewpoint,  to  consider  the  sucroses  as  undi- 
gested and  the  glucoses  as  predigested  sugars.  It  is  readily  understood, 
then,  that  sweet  fruits  are  important  dietetic  sources  of  sugar,  for  the 
reason  that  they  contain  it  in  a  form  which  is  fit  for  direct  absorption 
into  the  circulation.  Honey  is  therefore  regarded  as  a  very  easily  digested 
saccharine  substance.  The  importance  of  the  inversion  which  cane  sugar 
undergoes  in  the  manufacture  of  jams  and  preserves  also  becomes  clear. 
For  this  reason  home-made  jams  and  presen'es  are  superior  to  commer- 
cial jams. 

Another  factor  which  influences  the  digestibility  of  sugar  is  the  de- 
gree of  concentration  of  its  solution.  Strong  solutions  of  sugar  produce 
an  irritating  effect  upon  the  tissues.  Upon  the  external  skin,  they  are 
apt  to  set  up  a  superficial   inflammation.     This  is  emphasized   in  the 
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eczema  which  is  apt  to  appear  in  a  diabetic  from  the  contact  of  the  sugar- 
laden  urine  with  the  skin,  and  from  similar  conditions  occurring  on  the 
arms  of  grocers'  clerks  and  other  persons  who  frequently  handle  sugar. 

At  the  Minnesota  Experiment  Station(21),  the  digestion  of  sugar  was 
studied  on  five  healthy  men;  five  ounces  per  day  were  consumed  as  part 
of  a  simple  mixed  diet.  The  sugar  showed  a  high  digestibility,  98.9  per 
cent  of  its  total  energy,  on  an  average,  being  available  to  the  body.  In 
general,  it  increased  the  energy  25  per  cent  and  did  not  affect  the  digesti- 
bility of  the  foods  with  which  it  was  combined.  The  protein  of  the  ration 
was  more  economically  used  than  commonly.  The  nitrogen  retention  was 
increased  25  per  cent.  It  was  pointed  out  in  discussing  these  experiments 
that  the  value  of  sugar  in  a  ration  depends  upon  its  judicious  use  and 
combination  with  other  foods. 

Experiments  were  carried  out  by  Brandl  on  a  number  of  dogs,  and  he 
"found  that  5.7  per  cent  of  sugar  produced  reddening  of  the  mucous  mem- 
brane; if  the  concentration  was  increased  to  10  per  cent,  the  mucous 
membrane  became  dark  red,  while  a  20  per  cent  solution  produced  pain 
and  great  distress."  Another  investigator,  Atchison  Robertson (22),  in 
carrying  out  a  series  of  experiments,  injected  250  c.c.  of  the  20  per  cent 
solution  of  sugar  into  the  stomach  of  a  patient  who  was  suffering  from 
chronic  gastric  catarrh.  "Shortly  afterwards  the  patient  became  sick,  and 
vomited  a  very  acid  fluid  which  put  his  teeth  on  edge.  He  also  com- 
plained of  heartburn  and  flatulence,  and  of  a  severe  pain  in  the  region  of 
the  stomach.'^  Another  experiment  was  an  injection  of  a  solution  of  invert 
sugar  of  the  same  strength,  which  produced  no  discomfort.  The  experi- 
ment was  repeated  with  similar  results  in  other  cases  of  dyspepsia,  and 
in  every  case  the  invert  sugar  produced  no  unpleasant  symptoms. 
Schule  found  that  from  two  to  six  lumps  of  cane  sugar,  when  taken  in  an 
ordinary  test  breakfast,  produced  no  appreciable  effect  on  the  digestion, 
but  when  the  quantity  was  increased  from  ten  to  twenty  lumps,  con- 
siderable delay  of  digestion  ensued,  by  reason  of  the  great  outpouring  of 
mucus  in  the  stomach.  In  this  connection  he  says  "that  one  can  easily 
take  from  80  to  100  grams  of  sugar  at  dessert  in  the  form  of  ices  and 
sweets,  but  that  a  retarding  action  on  digestion  of  a  meal  will  not  infre- 
quently be  manifested.'' 

The  tendency  of  sugar  to  undergo  fermentation  affects  its  behavior 
in  the  stomach.     The  varieties  of  fermentation  likely  to  occur  are: 

(a)   Alcoholic,  resulting  in  the  production  of  alcohol  and  acetic  acid. 

(h)   Butyric,  with  the  formation  of  butyric  acid. 

(c)  Lactic,  producing  an  excess  of  lactic  acid. 
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It  is  interesting  to  note  that  ditTcrent  sugars  vary  in  the  readineas 
witli  which  they  tend  to  nndergt)  these  different  forms  of  fermentation. 
8onie  interesting  experiments  njM)n  this  |M)int  have  Ih*<mi  made  by  Kob- 
ertson(23) ;  aceording  to  the  results  worked  out  by  him,  the  fermentation 
to  which  sugars  are  liable  occurs  in  the  following  order: 


TYPES    OF   FERMENTATIONS   OF 

SUGARS 

Lactic 

Butyric 

Alcohouc 

Levulose 
(most  fermentable) 
Lactose 
Dextrose 
Invert  Sugar 
Cane  Sugar 
Maltose 

I/ivulose 
(most  fermentable) 
Maltose 
Dextrose 
Invert  Sugar 
Cane  Sugar 
Lactose 

Maltoee 
(most  fermentable) 
Invert  Sugar 
(  anc  Sugar 
Dextrose 
Levulose 
Lactose 

As  the  result  of  his  research  he  draws  the  following  deductions: 
(a)   In  dyspepsia  the  absorption  of  carbohydrates  is  delayed,  and 
therefore  all  sugars  tend  to  ferment. 

(&)  In  dyspepsia  with  lactic  acid  formation,  one  should  avoid  dex- 
trose, levulose  and  invert  sugar,  and  use  cane  sugar,  maltose  and  lactose 
in  moderate  amount. 

(c)  In  butyric  fermentation  lactose  should  be  preferred. 

(d)  In  alcoholic  and  acetic  fermentation  one  should  forbid  invert 
sugar  and  levulose  and  give  lactose. 

Of  all  sugars,  then,  lactose  is  the  least  liable  to  fermentation — which 
emphasizes  the  point  that  a  milk  diet  is  desirable  in  all  stomach  disorders. 


Assimilation  of  Sugars 

The  assimilation  of  sugars  has  received  considerable  study  at  the 
hands  of  physiological  chemists  and  dietitians.  As  a  result  it  is  conceded 
that  after  entering  the  blood  it  is  converted  by  the  liver  into  glycogen. 
What  becomes  of  it  after  that  is  more  or  less  disputed,  but  everyone  is 
agreed  that  glycogen  is  the  form  in  which  sugar  is  stored  in  the  body, 
for  a  time  at  least.  It  has  been  determined,  however,  by  ph^-siological 
experimentation  that  all  sugars  are  not  capable  of  being  converted  into 
glycogen,  and  it  is  only  those  which  can  be  directly  fermented  by  yeast 
without  first  being  changed  into  invert  sugar.  "Of  the  sugars  com- 
monly consumed,  cane  sugar  and  lactose  are  not  directly  fermented  by 
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yeast,  and  in  order  that  they  may  be  stored  up  as  glycogen,  provision  has 
to  be  made  for  their  previous  inversion.'^  This  is  taken  care  of,  as  we  have 
learned  from  the  chapter  on  absorption,  by  the  production  of  certain  in- 
verting ferments  in  the  intestine  which  act  directly  on  the  sugars.  Should 
these  ferments  be  of  feeble  activity  while  the  absorptive  power  of  the  in- 
testine is  great,  a  portion  of  the  sugar  may  reach  the  blood  unchanged,  and 
under  these  conditions  be  incapable  of  conversion  into  glycogen;  sugar 
will  then  immediately  appear  in  the  urine,  producing  what  is  ordinarily 
termed  "alimentary  glycosuria." 

The  fact  that  sugar  may  have  a  disturbing  influence  upon  digestion 
does  not  mean  that  the  sugar  itself  is  at  all  likely  to  escape  digestion. 
"The  readiness  with  which  sugar  is  hydrolyzed  by  the  sugar-splitting  en- 
zyme of  the  intestinal  juice,  combined  with  the  susceptibility  of  sugar 
to  the  attack  of  bacteria,  makes  it  unlikely  that  much  sugar  will  pass 
through  the  digestive  tract  unchanged."  Pfliiger,  who  has  devoted  so 
much  attention  to  glycogen  and  other  carbohydrates,  says,  "Undoubtedly 
sugar  in  the  blood  is  heavily  drawn  on  during  violent  exercise;  hence  the 
longing  for  it  in  a  form  that  can  be  readily  assimilated." 

By  giving  large  quantities  of  different  sugars  on  an  empty  stomach, 
and  observing  whether  or  not  glycosuria  results,  physiological  chemists 
have  been  able  to  determine  the  precise  assimilation  limit  of  each.  The 
results  of  experimentation  along  these  lines  have  been  carefully  worked 
out,  and  the  following  conclusions  settled  upon.  It  has  been  found, 
therefore,  that  the  maximum  quantity  which  can  be  consumed  at  any 
one  time  without  the  overflow  of  any  of  the  sugar  taking  place  in  the 
urine  is  as  follows: 

For  lactose   120  grams 

For  cane  sugar   150  to  200       " 

For  levulose    200       " 

For  dextrose  200  to  250      " 

It  has  been  found,  therefore,  that  lactose  is  the  least  assimilable  of 
sugars,  and  this  fact  is  of  some  particular  interest.  Experiments  have 
shown,  says  Hutchison,  "that  the  only  sugars  capable  of  direct  fermen- 
tation are  those  which  contain  three  carbon  atoms  or  a  multiple  of  that 
number.  Those  which  contain  five,  seven  or  any  other  number  of  carbon 
atoms  cannot  be  converted  into  glycogen,  and  accordingly,  should  they 
gain  access  to  the  blood,  are  at  once  excreted  in  the  urine."  The  pentose 
group  of  sugars  with  five  carbon  atoms  occur  with  considerable  frequency 
in  fruits,  and  hence  pentosuria,  as  it  is  termed,  is  not  the  infrequent 
result  of  the  free  consumption  of  such  fruits. 
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FuET.    \  Ai  I  i;   OK    SrnAH    ah    a    Twu>t> 

The  fuel  valiio  of  sugar  as  a  hMxl  inr  tin*  aiiiiuiil  ImmIv  may  be  consid- 
ered as  the  Ciiuivaleut  of  starch  that  luis  Ikm'u  digc'sted  and  made  ready 
for  absorption.  Kefined  8u«;ar  is  to  Ik*  rej^arded  as  a  pure  cryHtalliiic 
carbohydrate;  therefore  its  f(H)d  vahie  is  hi^h  and  every  gram  yields  4.1 
calories  of  energy.  An  ordinary  lump  of  loaf  sugar  weighs  5  grams  and 
yields  20  calories  of  energy.  The  caloric  energy  of  four  such  lumps  is 
equal  to  the  carbohydrate  of  a  medium-sized  potato.  For  these  reasons, 
the  amount  of  sugar  acMod  to  a  cup  of  tea  or  coffee  contrilniteH  in  no  Hiuall 
degi'ee  to  its  supply  of  energy  required  by  the  body  daily.  One  pound  of 
table  butter  will  yield  al)out  twice  as  much  encrg>'  (.*},(»00  calories)  as  a 
pound  of  sugar  (1,800  calories),  but  at  about  ten  times  the  same  cost, 
for  sugar  is  one  of  the  cheapest  fuel  foods. 

Sugar  is  the  most  concentrated  of  all  carbohydrate  foods.  There  is 
no  question  but  that  too  large  quantities  of  sugar  are  consumed  in  the 
American  cuisine.  The  consumption  of  sugar  j)er  capita  in  the  I'nited 
States  has  increased  with  leaps  and  bounds  during  the  past  two  or  three 
decades.  The  present  per  capita  consumption  of  sugar  in  the  leading 
countries  of  the  world  is  given  by  Browne  as  follows : 

PER   CAPITA   CONSUMPTION   OF   SUGAR   IN   VARIOUS   COUNTRIES 

England   95  pounds  per  capita 

United  States   85  " 

Germanv 49  "            "         " 

France 43  "           "        " 

Austria   -^ 

Russia -  ^ 

Turkey    -^O  " 

Spain    l<i  *' 

Italy    11  "           "        " 

Development  of  the  Sugar  Industry 

The  development  of  the  sugar  industry  has  had  a  far-reaching  effect 
on  the  national  health.  The  tendency  during  recent  years  has  been  to 
consume  more  carbohydrate  and  less  fat,  for  fat  is  always  an  expensive 
form  of  food.  Sugar,  on  the  other  hand,  can  replace  fat  as  a  fuel  in  the 
proportion  of  2Vt  parts  of  the  former  to  1  of  the  latter,  but  it  does  not 
follow  on  that  account  that  sugar  can  perform  all  the  functions  in  the 
body  which  are  usually  fulfilled  by  fat.    The  fact  must  not  be  lost  siglit 
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of,  however,  that  refined  sugar  constitutes  an  extreme  case  of  a  one-sided 
food,  its  sole  nutritive  functions  being  to  serve  as  a  fuel,  so  that  the  energy 
requirements  of  the  body  are  met  to  a  larger  and  larger  extent  by  the  con- 
sumption of  refined  sugar.  There  is  a  constantly  increasing  danger  of  an 
unbalanced  diet,  by  making  it  deficient  for  the  building  and  repair  of  the 
body  tissue  and  for  the  regulation  of  physiologic  processes. 

In  our  study  of  the  processes  of  digestion  and  absorption,  we  learned 
that  sugar  is  more  rapidly  burnt  up  in  the  body  than  fat,  and  on  this  ac- 
count a  more  efficient  protein-sparer  than  the  latter.  This  rapid  oxida- 
tion is  favored  by  the  ease  with  which  sugar  is  absorbed,  interfering  as 
it  does  with  the  complete  destruction  of  proteins.  This  probably  explains 
the  bad  effects  sometimes  observed  from  the  use  of  sugar  in  the  gouty 
diathesis  (Volume  III).  It  is  conceded  that  sugar  possesses  undoubted 
fattening  properties.  Possibly  it  may  not  be  transformed  into  fat,  but  it 
spares  the  body  destruction  of  fat,  and  part  of  that  in  the  diet  combustion. 
Whether  the  fat  so  formed  is  as  useful  as  that  which  can  be  stored  up 
from  the  fat  in  the  diet  is  an  unsettled  physiological  question.  The  point 
is  one  of  practical  importance  in  the  feeding  of  convalescents. 

We  are  of  the  opinion  that  the  moderate  cost  of  sugar  has  had  a  favor- 
able influence  on  the  health  of  growing  children,  since  it  furnishes  them 
an  ample  supply  of  the  body  fuel  which  they  so  much  need.  Its  sweet, 
inviting  taste  has  the  advantage  of  being  a  fuel  food  that  children  are  not 
likely  to  refuse.  This  is  not  the  case  with  all  fatty  foods.  Bunge  has 
sounded  a  warning  note  in  regard  to  the  dangers  incidental  to  the  great 
increase  in  the  dietetic  use  of  sugar.  He  is  of  the  opinion  that  where  a 
large  quantity  of  sugar  is  eaten,  the  amount  of  other  vegetable  foods  in 
the  diet  is  diminished.  This  may  possibly  result  in  a  deficiency  in  the 
supply  of  calcium,  iron,  fluorin  and  other  mineral  ingredients  of  the  blood. 

Sugar  as  a  Food  for  Muscular  Work 

Sugar  as  a  food  for  muscular  work  has  been  referred  to  in  the  chapter 
on  digestion  and  absorption.  We  have  already  learned  that  the  carbo- 
hydrates are  probably  the  general  source  of  muscular  energy.  The  sugars, 
on  account  of  the  ease  and  rapidity  of  their  absorption,  are  better  calcu- 
lated to  fulfill  this  function  than  any  other  member  of  the  carbohydrate 
group.  Brillat-Savarin  long  ago  pointed  out  an  interesting  fact  that  ^'the 
English  give  sugar  to  their  blood  horses  in  order  to  sustain  them  in  the 
trials  to  which  they  are  subjected."  To  Swiss  guides  and  Arctic  ex- 
plorers the  value  of  chocolate  as  saccharine  food  has  long  been  known.    It 
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is  a  fact,  says  Abel,  that  the  harvester,  lumbcnnan  and  othcra  wlio  do 
hard  work  in  the  open  air  consiuuc  ^^reut  <piantitieH  of  niigar  in  pie, 
pudding,  doughnuts  and  molasses,  with  l)cneHt.  On  the  other  hand,  ikh>- 
ple  living  a  sedentary  indoor  life  find  that  largo  aniounta  of  pic,  cake  and 
pudding  with  highly  sweetened  pre8crve<l  fruit,  and  sugar  in  large  amount 
on  cooked  cereals,  almost  always  produce  indigestion. 

Masso,  in  1893,  performed  some  test  experiments  to  determine  the 
exact  value  of  sugar  as  a  muscle  food.  Hy  means  of  an  instrument  which 
he  called  an  erfjograph,  he  determin( d  that  sugar  possesses  a  notable  effect 
in  lessening  muscular  fatigue.  Another  investigator,  Vaughan  Harley, 
working  under  Masso's  direction,  performed  the  following  experiment: 
He  took  17%  ounces  of  sugar  a  day,  and  found  that  his  ability  to  per- 
form work  was  increased  from  01  to  TO  per  cent.  He  also  demonstrated 
that  ''the  administration  of  sugar  delayed  the  onset  of  fatigue,  and  that 
its  effect  was  rapidly  exerted,  the  maximum  influence  being  reached 
in  about  two  hours."  Schumburg  confirmed  these  results  in  regard  to 
extraordinary  muscular  exertion.  Similar  experiments  have  been  per- 
formed by  Stowasser,  who  says,  "When  sugar  is  added  to  the  diet,  the 
ability  to  perform  work  is  increased,  while  the  fatigue  and  nitrogenous 
waste  are  lessened."  The  conclusion  of  these  several  investigators  is  that 
sugar  is  the  most  valuable  food  for  persons  who  have  to  perfonn  severe 
muscular  effort,  especially  if  they  are  obliged  to  do  so  in  a  state  of  ex- 
haustion. 

This  brief  summary  shows  the  use  which  may  be  made  of  sugar  when 
severe  work  is  to  be  performed,  and  some  of  the  experimental  data  which 
indicate  that  this  use  is  justified.  For  a  long  w^hile  the  German  army 
has  recognized  the  value  of  these  scientific  experiments  which  they  have 
made  practical  use  of  by  allowing  their  men  engaged  in  the  autumn  ma- 
neuvers to  have  a  free  allowance  of  sugar  daily  in  addition  to  their  ordi- 
nary rations.  It  was  determined  after  a  trial  extending  over  five  weeks 
that  the  soldiers  who  had  been  supplied  with  sugar  marched  better  and 
suffered  less  from  hunger,  thirst  and  fatigue  than  their  comrades  who 
were  not  supplied  with  sugar.  As  a  result  of  the  experiments,  the  au- 
thorities recommended  an  increase  of  two  ounces  of  sugar  per  day  to  the 
ration  for  the  German  soldiers. 

Large  quantities  of  hrowa  and  white  sugar  are  used  by  the  natives  of 
India  as  a  common  article  of  diet,  l>eing  freely  mixed  with  milk,  rice, 
cheese  and  other  foods.  It  is  also  stated  that  the  employers  who  will  not 
furnish  the  native  laborers  with  as  much  sugar  as  they  desire,  must  ex- 
pect to  lose  their  workmen.     The  use  of  sugar  by  mountain  climbers  is 
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well  known.     The  Swiss  guide  considers  lump  sugar  and  highly  sweet- 
ened chocolate  an  indispensable  part  of  his  outfit. 

Misuse  of  Sugar 

From  a  gastronomic  point  of  view  it  would  seem  that  in  the  American 
cuisine  possibly  too  much  sugar  is  used  with  too  many  kinds  of  food,  with 
a  consequent  loss  of  variety  and  piquancy  of  flavor  in  different  dishes. 
The  nutty  flavor  of  grains  in  cereal  foods  and  the  natural  taste  of  mild 
fruits  are  very  often  concealed  by  the  addition  of  too  much  sugar. 

SPICES  AND  CONDIMENTS 

According  to  the  Food  and  Drugs  Act  of  the  United  States,  the  defi- 
nition of  the  word  food  covers  all  articles  used  for  food,  drink,  confec- 
tions or  condiments.  While  it  is  true  that  certain  of  the  condiments 
offer  opportunity  for  food  adulteration,  still  the  enforcement  of  the  pure 
food  laws  is  sufficiently  drastic  to  take  care  of  the  situation. 

There  seems  to  be  some  misunderstanding  as  well  as  apprehension 
existing  concerning  the  use  of  condiments,  or  as  the  Germans  say,  Genuss- 
mittel.  In  its  translation  the  latter  term  is  broader  and  better  since  we 
restrict  condiments  to  spices,  like  cinnamon,  ginger,  salt,  pepper,  etc., 
which  we  add  to  food  in  the  stage  of  preparation  or  at  the  table  to  im- 
prove the  taste.  Genussmittel  in  its  broader  sense  embraces  all  our  term 
implies  plus  the  savory  element  of  the  food  itself  which  makes  it  pal- 
atable. The  extract  of  meat,  the  sugar  and  dextrin  of  dry  toast,  fruit, 
the  dextrin  and  caffein  of  coffee  developed  by  roasting,  the  jellies  when 
taken  with  meats,  are  included  under  this  head,  also  caviare,  piccalilli  and 
Other  kinds  of  pickles  and  relishes  which  excite  and  stimulate  the  appe- 
tite. Many  of  these  relishes  contain  sugar,  starch  and  woody  fiber  also; 
in  some  instances,  caviare,  fat  and  protein  must  enter  into  the  sum-total  in 
figuring  the  caloric  value  of  our  food.  We  think  it  prudent  to  treat  these 
appetizers  or  condiments  in  the  Teutonic  sense  and  to  concur,  in  the  pres- 
ent generally  accepted  view,  that  they  are  beneficial  adjuvants  to  the  food 
both  in  health  and  disease,  since  they  awaken  and  intensify  the  appetite 
and  stimulate  the  salivary  and  intestinal  glands  to  secrete  the  juices  nec- 
essary for  normal  digestion.  Attention  is  directed  to  Volume  II,  Chapter 
111(24),  in  order  to  emphasize  the  great  importance  of  the  proper  prepa- 
ration of  food  in  cooking,  so  as  to  develop  the  best  aroma  and  flavor 
which  in  turn  induce  through  the  special  senses  ^  more  thorough  masti- 
cation and  insalivation  of  the  food. 
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Children  and  young  people  in  nonnul  health  have  no  need  for  condi- 
ments, as  a  rule,  but  in  adult  life,  under  various  conditions  of  living  and 
occupation,  the  appetite  often  Hags,  and  when  ill  or  during  convalestM'nco 
with  complete  loss  of  appetite,  it  is  nece«Hary  to  tempt  the  latter,  and 
under  these  conditions,  the  use  of  condiments  hccomes  the  sine  qua  non 
of  treatment. 

Spices,  condiments  and  ilavoring  agents  generally,  in  a  restricted 
sense,  while  incapable  of  supplying  the  Ixxiy  with  building  inateiiul  or 
energy,  are  nevertheless  imiK)rtant  acquisitions  for  the  cook,  for  Uiey  are 
used  largely  in  the  culiuary  art  and  nuiy  with  propriety  be  termed  "food 
adjuncts."  Spices  and  coudiuu^nts  of  every  kind  and  description  contain 
aromatic  oils  and  other  substances  of  extremely  complex  and  variable 
composition,  and  play  an  important  role  in  increasing  the  api)etite  and 
in  aiding  the  digestive  functions;  by  exerting  a  stimulating  effe<t  upon 
either  or  both  the  organs  of  the  taste  and  secretion.  By  their  use  other- 
wise insipid  food  is  made  pleasing  and  palatable,  and  monotony  in  the 
diet  is  relieved. 

Centra-indications. — Their  use  is  contra-indicated  in  certain  gastric 
disturbances  as  well  as  in  diseases  of  the  kidneys,  in  which  condition  they 
act  as  irritants.  We  believe  it  is  the  consensus  of  opinion  of  students  of 
sitology  that  the  consumption  of  spices  and  condiments  in  moderation  is 
advantageous  as  an  accessory  to  the  diet,  but  at  the  same  time  their  abuse 
should  be  interdicted,  as  they  may  serve  as  a  contributing  cause  of  chronic 
congestion  of  the  liver  from  hyperemia  and  chronic  gastric  catarrh.  When 
properly  used,  a  flagging  appetite  is  aroused,  sluggish  gastric  secretions 
accentuated,  and  movements  of  the  stomach  and  bow^els  excited.  These 
properties  indicate  their  use  by  the  middle-aged  and  otherwise  enfeebled 
persons  to  give  zest  and  increased  pleasure  in  partaking  of  food.  Accord- 
ing to  Tibbies (25),  healthy  individuals  with  iwrmal  digestion  do  not  need 
them,  and  they  should  he  withheld  from  children. 

Value  of  Spices  and  Condiments. — "The  aromatic  substances  contained 
in  spices  and  condiments  are  closely  allied  to  phenol  on  the  one  hand,  and 
to  the  resins  and  balsams  on  the  other."  They  are  excellent  antiseptics, 
and  by  their  aromatic  and  sedative  action  exert  a  soothing  effect  on  an 
irritable  stomach  and  bowels.  The  sensation  of  warmth  which  they  exert 
relieves  dyspepsia,  cramp,  spasms,  hiccough.  The  same  influence  is  ex- 
erted throughout  the  intestinal  tract.  Secretion,  too,  is  augmented,  flatus 
expelled,  and  the  pain  or  griping  due  to  many  vegetable  foods  prevented. 
Their  mixture  with  food  serves  to  excite  the  nerves  of  taste  and  smell 
as  well  as  the  sense  of  hunger,  thereby  directly  augmenting  appetite  and 
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desire  for  and  enjoyment  of  food.  Their  use  is  of  great  value  to  persons 
of  jaded  appetite,  to  invalids  and  convalescents,  and  no  adjustment  of  the 
diet  in  such  cases  can  be  regarded  as  satisfactory  which  leaves  this  con- 
sideration out  of  account. 

It  is  thought  best  for  the  purpose  of  the  present  work  to  omit  a  de- 
tailed study  of  the  chemistry  and  composition  of  the  vast  number  of 
flavoring  agents  which  enter  into  diet,  but  only  to  consider  casually 
those  which  are  in  common  use. 

Tibbies  groups  condiments  into  three  classes:  stimulating  condiments, 
aromatic  spices,  sweet  herbs;  but  for  the  purpose  of  the  present  work  it 
is  thought  wise  to  classify  condiments  and  spices  with  reference  to  the 
source  from  which  they  are  obtained. 

Sources  from  Which  Condiments  are  Obtained 

(a)   From  stems  or  leaves        (d)   From  roots  or  root  stocks 
(h)   From  buds  or  flowers       (e)   From  immature  or  ripe  fruits 
(c)   From  barks  (/)   From  seeds 

(a)  Stems  and  leaves. — BAY  LEAF.— The  bay  leaf  (Laurus  nohilis), 
or  sweet  bay  as  it  is  commonly  called,  is  used  as  a  condimental  substance 
in  food.  It  is  a  native  of  the  Mediterranean  countries,  but  grows  in 
sheltered  gardens  throughout  the  temperate  zone.  The  leaves  have  an 
agreeable  odor  and  an  aromatic  bitter  taste,  and  are  used  for  flavoring 
custards,  etc.  The  leaves  contain  a  fixed  oil  which  can  be  expressed  as 
an  essential  volatile  oil  or  obtained  by  distillation.  The  oil  of  bay  is  used 
in  making  bay  rum.  It  is  obtained  from  a  different  plant,  the  Myrcia 
acris, 

SAGE. — Sage  is  an  ordinary  perennial  garden  herb  which  grows  wild 
in  southern  Europe  and  is  cultivated  in  old-time  gardens  throughout  the 
United  States  and  other  temperate  climates.  The  leaves,  which  are  the 
official  portion,  are  grayish-green  and  very  aromatic.  From  these  an  aro- 
matic oil  can  be  distilled.  It  possesses  slightly  tonic,  astringent  and  aro- 
matic properties.  The  principal  use  of  the  sage  leaf  is  in  flavoring  meat, 
especially  sausage  and  the  "stuffing"  of  fowls. 

MACE.— Mace  is  obtained  from  the  arillus  and  reticulated  envelope 
which  surrounds  the  nutmeg.  It  has  a  beautiful  blood-red  color,  and 
closely  surrounds  and  encloses  the  nutmeg  or  kernel.  The  mace  contains 
a  notable  quantity  of  fixed  oils  and  resinous  matters.  Its  volatile  oil  re- 
sembles that  of  nutmeg.  It  contains  a  considerable  amount  of  carbo- 
hydrate, which  behaves  like  starch,  but  gives  only  a  red  reaction  with 
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iodin  and  is  called  an  amylodexlritu  Mace  conUins  between  20  or  30  per 
cent  of  non-volatile  ether  extract  and  about  3  jier  cent  of  total  ash,  and 
0.5  per  cent  of  ash  iiisolnhle  in  hvdnK'hInric  acid  and  10  |)cr  cent  of 
crude  fiber.  iMace  is  a  stimulant,  carminative  and  valuable  flavoring 
agent,  used  in  the  culinary  art  Ita  excessive  use  is  apt  to  prrxluce  nar- 
cotic effects  similar  to  those  of  camphor.     {See  Nutmeg,  page  64». ) 

COMMON  MINT.— Garden  mint  is  U8<»d  lar«;ely  for  sauces  and  other 
culinary  purposes.  It  has  an  oil  which  contains  a  stearoptene  (C,oH,o<>), 
also  a  liquid  (CjoHuO)  which  is  isomeric  with  carvol.  This  herb  is 
hii>hly  prized  for  its  dcli«rhtful  aroma  when  scientifically  blended  with 
well-seasoned  brandy  in  the  famous  Southern  Mint  Julep. 

SPEARMINT.— Spearmint  is  the  dried  leaves  and  tops  of  a  perennial 
herb  found  in  most  moist  places  of  the  northeni  United  States,  Europe 
and  Asia.  The  plant  is  used  extensively  in  flavoring  mint  sauce,  which 
is  served  with  mutton  and  lamb.  It  somewhat  resembles  pepf>erniint, 
but  can  be  readily  distinguished  from  it  both  by  its  appearance  and  odor. 
The  oil  of  spearmint  is  largely  distilled  in  this  country,  the  whole  plant 
being  used  in  the  process. 

SWEET  MARJORAM.— Sweet  marjoram  is  a  native  plant  of  North 
Africa.  It  is  a  sweet,  fragrant  and  aromatic  herb  cultivated  in  gardens 
for  culinary  purposes.  The  plant  is  used  for  medicinal  purposes  as  well 
as  for  flavoring.  It  yields  a  volatile  oil  containing  40  per  cent  terpinene, 
some  terpineol,  and  small  quantities  of  acetic  and  otlier  acids.  Sweet 
marjoram  extract  and  marjoram  extract  are  both  made  from  the  oil  of 
marjoram. 

SWEET  BASIL.— Sweet  basil  is  an  aromatic  herb,  native  of  India  and 
Africa,  and  is  cultivated  in  gardens  throughout  the  temperate  zone.  It 
is  a  useful  aromatic  herb  for  seasoning  soups  and  various  dishes.  It  pos- 
sesses a  peculiar  inviting  flavor  resembling  somewhat  that  of  cloves. 

SUMMER  SAVORY.— Summer  savory  is  an  aromatic  herb  used  for 
flavoring  soups,  entrees  and  other  meat  dishes.  It  has  a  very  pungent, 
aromatic  odor  and  a  warm,  rather  bitter  taste.  The  leaves  are  sometimes 
profusely  covered  with  small  vesicles  containing  the  oil  which  gives  the 
herb  its  aromatic  properties. 

PEPPERMINT.— Peppermint  is  found  growing  in  moist  places  through- 
out the  temperate  zone.  It  is  cultivated  extensively  in  Michigan,  Indiana 
and  New  York,  for  the  manufacture  of  the  essential  oil  of  peppermint 
It  is  used  for  flavoring  foods,  though  not  extensively,  and  is  used  in  bev- 
erages and  confectionery.  Menthol  is  obtained  from  the  oil  of  pepper- 
mint. 
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PARSLEY. — Parsley  is  a  native  of  Sardinia  and  other  European  coun- 
tries. All  parts  of  the  plant  contain  an  oil  to  which  its  flavor  and  prop- 
erties are  due.  The  crude  oil  is  most  abundant  in  the  seeds,  which  con- 
tain apiol  or  apiolin,  obtained  by  boiling  the  herb  with  water  and  cooling. 
Various  parts  of  the  plant  are  used  for  medicinal  purposes.  The  main 
use  of  parsley,  however,  is  in  sauces  and  for  garnishing  meat  dishes. 

TARRAGON. — Tarragon  is  a  plant  cultivated  for  its  pungent,  aromatic 
leaves  which  are  used  for  flavoring  soups  and  for  making  ^'tarragon  vine- 
gar." 

WINTERGREEN. — Wintergreen  is  a  small  evergreen  herb  which  grows 
wild  in  various  sections  of  the  United  States.  The  oil  of  wintergreen  is 
iis©d  extensively  as  a  flavoring  for  beverages  and  confectionery.  The  oil 
of  wintergreen  contains  methyl  salicylate,  largely  used  as  a  substitute  for 
salicylic  acid  in  medicine. 

THYME. — Thyme  is  a  garden  plant,  native  of  southern  Europe  and 
grown  in  all  countries  throughout  the  temperate  zone.  There  are  two 
varieties — garden  thyme  and  the  wild  thyme.  Both  contain  the  same  oil, 
which  gives  the  fragrance  and  aroma  to  the  plant,  but  the  cultivated  plant 
contains  more  than  the  wild  variety.  The  leaves  of  this  plant  are  used 
principally  in  sausage  and  "stuffing"  for  fowls.  The  oil  of  thyme,  which 
is  produced  from  the  leaves  by  distillation,  contains  from  25  to  42  per 
cent  of  thymol  (CiqKijjO.H),  a  useful  medicinal  antiseptic. 

CHERRY  LAUREL  LEAVES. —  Cherry  laurel  leaves  have  a  taste  and 
flavor  resembling  that  of  bitter  almonds ;  they  are  used  to  flavor  custards, 
blancmange  and  puddings. 

FENNEL.— Eennel  is  a  native  plant,  naturalized  in  England  and  the 
United  States.  It  is  used  principally  for  sauces  for  rich  varieties  of  fish 
— salmon,  mackerel,  etc. 

The  essence  of  sweet  herbs,  a  favorite  condiment  with  Southern  cooks 
in  the  days  "before  the  war,"  is  made  according  to  the  following  for- 
mula: Take  of  thyme,  4  parts;  winter  savory,  4  parts;  sweet  marjoram, 
4  parts;  sweet  basil,  4  parts;  grated  lemon  peel,  2  parts;  celery  seeds,  1 
part ;  alcohol,  50  parts ;  bruise  them  all,  macerate,  keep  in  the  alcohol  for 
seven  days,  and  filter.  This  essence  is  used  largely  for  flavoring  soups, 
entrees  and  other  culinary  preparations. 

(h)  Buds  and  Flowers. — Buds  and  flowers  of  certain  herbs  furnish  a 
variety  of  aromatic  substances,  highly  prized  by  cooks  and  chefs. 

CAPER.— -The  caper  bush  buds  are  the  unexpanded  flowers, of  a  low 
trailing  herb  that  grows  abundantly  along  the  shores  and  on  the  islands 
of  the  Mediterranean.      The  plant  begins  to  bloom  in   the  early  sum- 
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iiier,  and  the  fresh  buds  are  jrathered  every  mi)riilii|5  before  they  expand, 
and  aro  ])icklcd  in  stron^r  wldto  vino|;ar  and  Halt.  When  the  Heiiiion 
closes,  the  buds  are  assorted  accordin|i;  to  size  and  color;  the  younftwt  and 
greenest  are  considered  of  tlio  finest  quality.  Cai^rn  add  irreatly  to  the 
flavor  in  the  preserving  of  pickles,  their  peculiar  flavor  lx?ing  due  to  capric 
acids. 

CLOVES.— Cloves  are  the  dried  flower  buds  of  an  evergreen  tree,  native 
of  the  Molucca  Islands,  but  cultivated  all  over  the  East  Indies,  We«t 
Indies,  East  Africa  and  Hra::il  and  other  tropical  c»ountrie«.  The  tree 
grows  to  tho  height  of  thirty  or  forty  fe<'t  and  l)egin8  to  liear  when  about 
six  years  old.  The  buds  are  plucked  by  hand  when  they  are  red  and 
nearly  ready  to  open;  they  are  dried  quickly  in  the  sun  or  by  the  heat  of 
a  wood  fire.  Cloves  contain  from  17  to  20  per  cent  of  the  volatile  oil  of 
cloves  and  about  S  per  cent  of  olcorcsin.  The  oil  of  cloves  contain.s  aljout 
90  per  cent  of  eugenol  (C,oH,oOo),  a  phenol-like  substance.  The  use  of 
cloves  in  domestic  science  is  well  known.  They  are  employed  chiefly  for 
their  flavor,  but  they  also  possess  stimulant,  aromatic,  antispasnuKJic  and 
antiseptic  properties.  They  are  the  chief  representatives  of  the  "aro- 
matic spices." 

IS AFFRON.— Saffron  is  the  dried  stigmas  and  tops  of  the  stiles  of  a 
perennial  plant,  native  of  Asia  Minor,  but  now  cultivate<I  in  many  parts 
of  southern  Europe.  It  is  chiefly  used  in  the  culinary  art  to  impart 
color  and  flavor  to  food. 

Barks. — CASSIA.— Cassia  is  the  inner  bark  of  various  trees,  having  an 
odor  and  flavor  somewhat  similar  to  cinnamon.  It  grows  extensively  in 
China,  Ceylon  and  other  Oriental  countries.  Some  of  this  class  of  barks 
are  thin,  and  others  are  thick ;  the  thin  barks  resemble  true  cinnamon  so 
closely  that  they  are  often  used  as  an  adulterant  of  the  latter.  It  ccmtains 
a  volatile  oil  similar  to  the  oil  of  cinnamon.  The  flower  buds  put  on  tho 
market  from  this  tree  furnish  the  cassia  buds  of  commerce  which  are  used 
for  flavoring  purposes. 

CINNAMON.— True  cinnamon  is  the  inner  bark  of  the  true  cinnamon 
tree,  native  of  Ceylon  and  found  all  over  India  and  the  islands  of  the 
Eastern  Archipelago,  but  chiefly  in  Ceylon,  Borneo,  Java,  Sumatra  and 
Brazil.  The  trees  are  cultivated  and  the  bark  is  removed  and  cut  lon- 
gitudinally and  laid  aside  for  twenty-four  hours,  during  which  time  a 
species  of  fermentation  takes  place  which  facilitates  the  removal  of  the 
inner  epidermis  or  green  part  of  the  bark.  The  inner  bark  is  then  re- 
moved and  rolled  into  long  cylinders  and  dried  in  the  sun.  It  is  then 
ready  for  shipment. 
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The  oil  of  cinnamon  is  obtained  from  flowers,  leaves,  bark  and  roots 
of  the  cinnamon  tree.  The  finest  oil  is  distilled  in  China,  and  is  used  for 
making  waters  and  cordials.  An  artificial  (synthetic)  cinnamic  aldehyd 
(CeHgCHiCH — CHO),  a  coal  tar  product,  is  sometimes  used  to  replace 
the  genuine  oil  of  cinnamon  in  the  manufacture  of  flavoring  materials. 
The  cinnamon  bark  can  readily  be  adulterated  with  cassia  and  other 
similar  barks.  Pure  ground  cinnamon  is  more  frequently  found  on  the 
market  at  the  present  time  than  formerly. 

Roots  or  Rootstalks. — TURMERIC— Turmeric  is  the  rhizome  of  a  peren- 
nial plant  growing  in  the  eastern  countries.  The  roots  are  dried  and  fre- 
quently ground  before  being  offered  for  sale.  Turmeric  contains  a  yellow 
coloring  matter,  and  the  powder  has  a  warm  aromatic,  bitter  taste.  It  is 
used  for  coloring  and  flavoring  food  products. 

GARLIC. — Garlic  is  a  cultivated  plant  closely  related  to  the  onion  fam- 
ily. The  tops,  and  especially  the  bulbs,  have  a  peculiar  taste  and  smell 
which  are  quickly  communicated  to  the  breath  and  perspiration  of  the  con- 
sumer. This  is  due  to  an  essential  oil  usually  stated  to  consist  chiefly  of 
allyl  sulphid  (C3H5S),  which  occurs  in  many  cruciferous  plants.  The 
bulbs  are  used  as  a  condiment  in  the  preparation  of  entrees,  sauces,  etc. 
Garlic  provokes  the  appetite,  as  well  as  the  muscular  and  glandular  activi- 
ties of  the  stomach.  "It  also  possesses  stimulant  properties,  quickens  the 
circulation,  excites  the  nervous  system,  the  skin  and  kidneys." 

GINGER. — Ginger  is  the  creeping  rhizome  of  a  plant  which  is  said  to 
be  a  native  of  Hindoostan,  but  is  now  cultivated  in  the  East  and  West 
Indies,  and  in .  fact,  in  all  southern  tropical  countries.  The  roots  are 
sufficiently  matured  when  a  year  old.  They  are  then  dug  up,  trimmed, 
washed,  boiled  or  scalded  with  boiling  water  to  prevent  germination,  and 
rapidly  dried.  So  prepared  they  constitute  unbleached  or  black  ginger. 
In  this  condition  they  have  a  grayish  wrinkled  epidermis  with  a  brown 
underlayer  and  a  yellowish  interior.  The  epidermis  contains  a  large 
amount  of  oleoresin ;  therefore  the  black  ginger  contains  more  aromatic 
properties  than  white  or  bleached  ginger.  The  latter  is  prepared  from 
the  best  selected  roots,  deprived  of  their  epidermis,  decorticated,  and 
carefully  dried  in  the  sun — the  latter  process  giving  them  a  beautiful 
white  color.  Decorticated  ginger  roots  are  smoother  and  whiter,  but  less 
pungent  than  the  black  ginger.  Preserved  ginger  is  made  from  the  young 
succulent  rhizomes  which  are  washed  and  boiled  in  sirup.  Some  of  the 
roots  are  afterwards  crystallized  or  candied  by  drying  them  in  the  same 
way  as  candied  fruits. 
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Ginger  contains  an  oleoresin,  a  volatile  oil  and  nearly  60  per  cent  of  a 
peculiar  starch.  The  flavor  and  jiungcncy  are  due  tu  tbe  volatile  oil  and 
tho  ulcoresin.  Ginger  possesses  valuable  carniinntive  propcrtie«.  It  i«  of 
considerable  value  in  enfeebled  states  of  the  alimentary  canal,  such  as 
atonic  dyspepsia,  nausea,  vomiting  and  diarrhea.  The  stimulant  aromatic 
properties  of  ginger  ale  are  duo  to  the  volatile  oil  and  oleonesiu  coutaiued 
in  the  ginger  root. 

HORSERADISH.— Horseradish  is  the  root  of  a  plant  which  is  u  native 
of  western  Europe  and  is  extensively  grown  on  lx)th  sides  of  the  Atlantic. 
It  is  so  well  known  as  to  require  little  dcs<rription.  It  has  a  warm  taste 
and  pungent  odor,  which  promotes  apiH?tite  and  secretion  of  saliva,  in- 
creases gastric  secretion  and  motility,  thereby  stimulating  the  alimentary 
functions.  At  the  same  time  it  is  a  carminative  and  antiseptic  throughout 
the  alimentary  canal.  The  virtue  of  the  root  is  contained  in  a  volatile 
oil  which  is  present,  but  which  is  dissipated  by  drying.  The  oil  is  prin- 
cipally a  sulphocyanite  of  butyl  (C4H9CNS).  The  root  may  be  grated 
well,  and  preserved  in  vinegar  for  use.  Horseradish  is  valuable  as  an 
addition  to  a  diet,  containing  much  salt  meat,  to  prevent  scurvy.  It  is  a 
valuable  aid  in  the  digestion  of  meat  and  various  acid  dishes,  and  is 
extensively  used  with  raw  oysters.  It  is  one  of  the  most  valuable  anti- 
scorbutic condiments;  of  value  in  chronic  rlieuuiatism,  sciatica,  various 
dropsical  conditions,  and  as  a  general  stimulant  and  excitant  in  systemic 
and  nervous  debility. 

SASSAFRAS.— Sassafras  is  obtained  from  the  inner  part  of  the  roots 
of  the  sassafras  tree  which  grows  along  the  Atlantic  coast  and  the  interior 
of  the  United  States.  The  root  and  bark  contain  a  volatile  oil  used  in 
flavoring  beverages  and  confectionery. 

Immature  and  Ripe  Fruits. — ALLSPICE.— Allspice  is  the  dried,  half- 
ripened  fruit  of  a  handsome  evergreen  tree,  attaining  a  height  of  thirty 
feet.  It  is  a  native  of  the  Caribbean  Islands.  It  is  grown  in  the  West 
Indies,  Mexico  and  the  northern  part  of  South  America.  It  bears  fra- 
grant aromatic  white  flowers.  The  berries  grow  rapidly  and  become  moist 
when  ripe  and  later  dry,  black  and  tasteless.  They  are,  however,  picked 
when  green  and  fully  growTi,  in  which  condition  they  have  the  maximimi 
of  flavor.  They  are  dried  in  the  sun,  which  turns  them  a  reddish  brown. 
They  have  a  fragrant  odor  resembling  a  combination  of  cinnamon,  cloves 
and  nutmeg;  hence  the  name  allspice.  Their  taste  is  warm,  orom,itic  and 
pungent.  They  are  used  in  the  preparation  of  food  as  an  aromatic  spice. 
being  possessed  of  aromatic,  stimulant  and  carminative  properties  which 
they  communicate  to  various  cordials,  etc.     They  are  used  for  flavorings 
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puddings  and  pies.  Besides  a  volatile  oil,  they  contain  a  green  fixed  oil 
which  has  a  burning  aromatic  taste  somewhat  like  that  of  pimiento. 

CAPSICUM— CAYENNE  PEPPER.— They  are  the  fruit  or  pods  of  several 
species  of  capsicum  known  under  various  names  as  pod  pepper  and  red 
pepper.  They  vary  in  size  from  a  small  pod  to  a  large  pod  or  berry. 
Cayenne  peppers  are  hot  and  the  '^paprikas''  are  mild.  Capsicum  and 
the  pepper  derived  from  it  is  a  diffusible  stimulant ;  it  promotes  the  secre- 
tion of  gastric  and  pancreatic  juices.  As  a  condiment  a  small  amount  is 
of  value  in  cases  of  atonic  dyspepsia  attended  with  flatulence,  etc.  It  is 
of  value  to  alcoholic  subjects,  and  is  largely  used  by  the  residents  of  hot 
climates  to  arouse  appetite  and  relieve  dyspeptic  symptoms  generally. 

JUNIPER  BERRIES.—  Juniper  berries  are  the  fruit  of  an  evergreen  tree 
very  widely  distributed  over  the  northern  hemisphere;  it  grows  as  far 
north  as  the  Arctic  circle.  The  trees  differ  greatly  in  size  and  shape  in 
different  latitudes.  The  fruit  matures  during  the  second  season,  and  is 
used  medicinally  and  for  making  aromatic  oil.  The  crushed  berry  or  the 
oil  is  used  in  flavoring  gin  (see  Volume  I,  Chapter  XVI).  Juniper 
berries  are  about  the  size  of  a  pea  and  contain  a  sweet  pulp;  when  dry 
they  are  black  and  have  a  sweet-bitterish  balsamic  flavor.  They  are 
stomachic,  increase  the  appetite,  and  stimulate  digestion ;  they  also  stimu- 
late the  skin  and  kidneys  to  increased  action  and  give  to  the  urine  an 
odor  of  violets. 

PEPPER.— Pepper  is  the  dried  unripe  fruit  of  a  perennial  plant  which 
is  propagated  by  cuttings,  and  as  it  grows  must  be  supported  by  props  or 
other  trees.  The  tree  begins  to  bear  three  or  four  years  after  it  is  planted 
and  produces  two  crops  a  year.  Black  and  white  pepper  are  the  fruit  of 
the  same  tree,  but  treated  in  different  ways.  The  pepper  plant  grows 
wild  in  the  forests  of  Malabar  and  is  cultivated  throughout  India,  Siam, 
Indo-China,  Java,  Sumatra,  the  Philippine  Islands  and  the  West  Indies. 
The  largest  quantity  of  pepper  is  produced  in  the  region  of  Singapore. 

The  berries  are  gathered  before  they  are  ripe,  are  dried  in  the  sun, 
and  beaten  on  mats  to  detach  them  from  the  stalks.  This  constitutes  the 
hlach  pepper  of  commerce.  In  the  preparation  of  luJiite  pepper  the  ber- 
ries are  allowed  to  become  fully  ripe  before  they  are  gathered,  and  then 
are  permitted  to  stand  until  a  certain  amount  of  fermentation  takes  place. 
This  treatment  allows  some  of  the  pungency  to  escape,  retaining  a  finer 
flavor  and  aroma  than  black  pepper.  The  berries  are  carefully  selected, 
only  the  finest  being  used  for  this  purpose.  After  fermentation  takes 
place,  they  are  rubbed  together  by  hand  to  remove  the  pulp;  they  are 
afterwards  dried  and  blanched  in  the  sun. 
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One  of  the  most  important  ingredients  in  pepper  is  un  alkuloid,  piperin 
(C^lIiyNO.,).  Pepper  ulsu  contains  an  oleoresin  and  u  volatile  oil  which 
contribute  Havor  and  pungency  to  the  product.  .  (i round  pepper  in  cpiito 
generally  used  as  a  table  condiment  on  various  dishes. 

VANILLA  HKAN.— Vanilla  l)ean  is  the  dried  and  cured  bean  of  an 
orchid  with  thick  fleshy  leaves,  indigenous  to  Mexicii,  which  gniws  uiMin 
cocoa  and  other  trees,  but  is  also  cultivated  in  the  West  Iu<lies,  Central 
and  South  America.  The  Ixjst  cured  Ixjans  are  from  20  to  25  centinieteni 
long,  drawn  out  at  the  ends  and  curved  at  the  base.  They  have  a  <'har- 
acteristic  brown  color,  waxy  feel,  and  are  covered  with  Hue,  almost  im- 
perceptible crystals  of  vanillin  which  has  the  e<mi|>osition  of  CgH^C,, 
varying  from  l.OO  to  2. CO  per  cent.  They  jM)ssess  a  delicious  flavor  due 
to  the  active  principle  of  the  al)ove.  It  is  readily  extracted  by  alcohol 
and  other  solvents.  The  vanilla  extract  is  made  in  this  way  and  is  much 
used  in  flavoring  ice  cream,  cakes  and  for  other  culinary  purposes. 

Seeds. — anise.— Anise  is  interesting  as  being  one  of  the  earliest  aro- 
matics  mentioned  in  literature.  It  is  obtained  from  an  annual  plant,  a 
native  of  Egypt,  and  is  cultivated  in  Malta,  Italy,  Spain,  Russia  and 
South  America.  Anise  has  aromatic  and  carminative  properties.  The 
seeds  have  a  fragrant  odor  and  a  sweet  warm  aromatic  taste  due  to  the 
volatile  oil  which  forms  2.5  per  cent  of  the  seeds.  The  oil  contains  anethol 
(CqHioO),  a  stearoptene.  They  are  much  used  in  cookery,  in  making 
spices  and  cordials  and  in  medicine.  The  seeds  are  used  for  flavoring 
many  dishes,  but  the  whole  plant  is  aromatic  and  with  it  the  liqueur 
anisette  de  Bordeaux  is  flavored. 

CARDAMON.— Cardamon  is  a  native  of  ^lalabar  and  is  grown  in  the 
East  Indies,  Ceylon  and  Java.  The  cultivated  plants  bear  fruit  in  the 
fourth  year  and  continue  to  do  so  for  many  years.  The  fruit  is  gathered 
in  ISTovember  and  dried  over  a  gentle  fire,  and  afterwards  the  seeds  are 
separated  from  the  calyx  by  nibbing.  The  seeds  are  dark  brown,  of  aro- 
matic odor,  warmth  and  pungency.  These  properties  depend  upon  a 
volatile  oil  w^hich  can  be  obtained  by  distillation.  Cardamon  seeds  are 
used  in  cakes,  curries,  sauces,  cordials  and  confectionery. 

CARAWAY  SEED.— Caraway  seed  is  obtained  from  a  plant,  a  native 
of  Europe,  and  cultivated  extensively  in  Holland  and  other  countries. 
The  seeds  have  an  agreeable  tqste.  They  are  aromatic  and  carminative: 
are  much  used  as  a  flavoring  agent  to  give  taste  and  aromatic  odor  to  vari- 
ous dietetic  articles.  The  seed  contains  an  essential  oil  which  has  a 
percentage  of  carvol  (C,oH,40). 
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CELERY  SEED.— (>S'ee  Celery,  Volume  I,  Chapter  XIII).  The  seeds 
of  this  plant  are  often  used  for  flavoring  purposes  and  have  some  medicinal 
value,  exerting  a  carminative  action. 

CORIANDER  SEEDS.— Coriander  seeds  are  obtained  from  the  coriander 
plant  which  grows  in  Europe.  Tliey  contain  a  volatile  oil  which  has  a 
remarkable  odor.  The  seed  possesses  properties  somewhat  similar  to  anise 
seed,  caraway  and  fennel.  The  whole  of  the  fresh  plant,  when  crushed, 
emits  a  fetid  odor,  but  the  dried  fruit  is  very  fragrant,  and  is  used  in 
making  bread,  cakes,  confectionery,  and  for  flavoring  liqueurs. 

THE  CUMIN  SEED. — The  cumin  seed  possesses  similar  properties  to 
coriander  and  caraway,  and  is  much  cultivated  in  Malta  and  Sicily.  It 
is  used  largely  as  a  flavoring.  In  Germany  these  seeds  are  frequently 
mixed  in  bread  and  cake,  and  in  Holland  they  are  used  to  flavor  cheese. 

THE  TONKA  BEAN.— The  tonka  bean  is  obtained  from  an  almond- 
shaped  pod  containing  a  single  bean  which  is  shaped  like  a  kidney  bean 
of  dark  brown  color.  The  active  principle  of  the  tonka  bean  is  couma- 
rin  (Cc)H.^^02).  It  possesses  a  fragrant  odor  and  a  bitter  taste.  The 
tonka  extract  is  often  used  to  partly  replace  vanilla  extract. 

THE  DILL  SEED.— The  dill  seed  is  a  native  of  Spain,  Portugal  and 
southern  France  and  is  cultivated  in  the  gardens  in  Europe  and  America. 
In  the  United  States  the  seeds  are  used  for  flavoring,  and  especially  in 
the  preparation  of  ^'dill  pickle.''     The  flavor  is  not  as  agreeable  as  fennel. 

THE  FENNEL  SEED.— The  fennel  seed  is  obtained  from  the  fennel 
plant,  a  native  of  Europe  and  common  in  all  temperate  climates.  The 
seed  yields  four  or  five  per  cent  of  volatile  oil  which  has  a  sweet  aromatic 
taste.     Fennel  seeds  are  chiefly  used  to  flavor  cakes  and  liqueurs. 

GRAINS  OF  PARADISE.— These  are  used  as  a  condiment.  They  pos- 
sess a  pungency  similar  to  that  of  black  pepper,  and  are  used  to  give  a 
fiery  taste  to  various  liquors,  such  as  beer,  wine  and  gin. 

MUSTARD.—  Mustard  is  derived  from  the  seeds  of  Sinapis  arvensis,  of 
which  there  are  two  varieties,  the  black  and  white.  Mustard  originally 
grew  wild,  in  waste  places,  and  was  known  as  charlock.  At  the  present 
time  the  product  on  the  market  is  composed  of  a  mixture  of  the  seeds  of 
the  black  and  white  cultivated  varieties,  but  charlock  seeds  are  still  col- 
lected and  are  used  for  purposes  of  adulteration.  The  plant  is  an  annual, 
bearing  yellow  flowers;  the  seeds  may  be  separated  from  the  pods  when 
ripe  by  threshing.  Mustard  contains  a  fixed  oil  which  is  present  to  the 
amount  of  from  20  to  30  per  cent.  This  oil  presents  in  many  respects 
the  same  general  character  as  rape-seed  oil  (Volume  I,  Chapter  XIV). 
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This  may  be  expressed  from  the  powdered  Heeds  after  wanning.  I 
bland  oil  with  very  little  taste  and  fnriiiH  an  excellent  salad  drcsaiug. 
^lucli  of  the  lixrd  oil  is  friMjucntly  rcinovcd  before  the  seoda  are  |»r<»pariHl 
as  ''ground  niustanl." 

The  active  principle  of  black  mustard  is  sinujrin  (KC,oHiiiKNS,0,o), 
pnd  that  of  white  mustard  is  sinalhin  {^\o^^h^4^'2^\h)'  The«c  are  the 
substances  which  break  up  to  yield,  among  other  pro<lurt«,  the  volatile  oil. 
The  strongest  ground  mustard  is  obtained  by  mixing  the  two  varieties  of 
seeds. 

The  use  of  mustard  in  medicine,  as  a  condiment,  and  to  Htiiimbito  the 
appetite  are  too  well  known  to  need  repetition  here. 

NUTMEG.— Nutmeg  is  the  dried  seed  of  the  Myrislica  fragrans,  a  tree 
native  of  the  Malay  Archipelago,  which  somewhat  resembles  the  orange 
tree  in  appearance.  The  tree  attains  a  height  of  about  thirty  feet  ind  haa 
a  large  branching  head  resembling  a  pear  tree  in  foliage  and  general 
appearance.  The  flowers  are  insignificant,  the  males  and  females  being 
on  separate  seeds.  The  plantation  of  nutmeg  trees  is  cultivated  from  the 
seeds,  and  they  begin  to  produce  flowers  in  the  eighth  or  ninth  year.  But 
as  above  stated,  the  sexes  are  distinct,  and  the  male  trees  are  cut  when 
they  are  two  years  old,  and  the  remaining  are  grafted  with  cuttings  from 
selected  female  trees.  Only  one  or  two  male  trees  are  left  in  the  grove  to 
insure  fecundation. 

The  fruit  is  round  or  oval,  and  resembles  a  small  peach,  green  at  first, 
yellow  when  ripened.  The  fruit  is  gathered  by  hand,  the  pulpy  husk 
stripped  off,  and  the  mace  of  commerce  is  detached.  The  nuts  are  first 
sun  dried,  and  then  smoked  until  the  kernels  are  shrivelled  and  loose, 
and  the  shells  are  sufficiently  brittle  to  be  easily  broken.  The  kernels, 
nutmegs  of  commerce,  on  being  removed  from  the  shells,  are  dipped  in 
lime  water  two  or  three  times  to  prevent  the  depredations  of  insects,  and 
again  dried  and  divided  into  grades.  The  small  round  ones  are  con- 
sidered of  finer  quality  than  the  large  oval  nuts. 

ISTutmeg  contains  a  volatile  oil  which  consists  of  a  terpene,  mNTisticin 
(C14H2SO2).  It  also  contains  a  fat  called  nutmeg  butter,  which  is  ob- 
tained "by  applying  pressure  to  the  kernels  between  hot  plates;  it  is  of 
yellowish-brown  color  and  has  an  agreeable  odor.  The  volatile  oil  is  ex- 
tracted bv  distilling  powdered  nutmegs  with  water.  It  is  a  pale  straw- 
colored  liquid,  soluble  in  ether  and  alcohol,  having  the  pungent  taste  and 

odor  of  nutmegs.  1         j       j    ^ 

ISTutmeg  is  aromatic,  stimulant  and  stomachic,  much  used  and  of  great 
value  as  a  flavoring  for  various  foods  and  drinks.    A  very  small  quantity 
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is  usually  sufficient  to  flavor  any  food  required  by  one  person,  hi  large 
doses  nutmeg  is  narcotic,  poisoning  having  occurred  from  the  mastication 
of  nutmegs.     This  is  due  to  the  essential  oil. 

SALT  {Sodium  Chloride  NaCl)  is  a  condiment  which  has  been  used 
from  time  immemorial.  It  occurs  in  immense  underground  deposits  ir 
various  parts  of  the  earth,  forming  '^rock  salt."  This  is  said  to  be  formed 
by  the  evaporation  of  prehistoric  seas.  These  salt  rock  beds  are  found 
in  many  parts  of  the  world.  In  the  United  States  these  beds  occur  espe- 
cially in  New  York,  Michigan,  Kansas  and  Louisiana.  They  are  some- 
times near  the  surface,  but  often  at  a  depth  of  one  thousand  feet  or  more. 
The  salt  is  mined  by  sinking  a  shaft  and  working  as  in  a  coal  mine.  The 
rock  salt,  if  sufficiently  pure,  is  sold  as  it  comes  from  the  mine,  or  ground 
and  screened.  The  product  is  usually  98  to  99  per  cent  pure.  In  many 
places  a  saturated  brine,  containing  about  25  per  cent  of  sodium  chlorid, 
is  formed  on  the  top  of  the  salt  beds,  as  a  result  of  the  percolation  of 
water  through  the  earth's  strata.  These  lakes  of  brine  water  are  often 
referred  to  as  brine  springs.  Chlorid  of  sodium  also  exists  in  large  pro- 
portion in  sea  water.  The  method  of  obtaining  salt  from  these  waters  is 
by  evaporation.  Each  gallon  of  sea  water  will  produce  about  one-fourth 
of  a  pound  of  salt,  and  salt  is  still  produced  by  the  solar  evaporation  of 
sea  or  salt  water  in  many  countries.  Salt  made  from  ocean  water  Is  quite 
impure  unless  purified  by  washing  and  recrystallization. 

The  evaporation  of  brine  from  salt  springs  is  one  of  the  commonest 
and  most  satisfactory  methods.  This  evaporation  is  carried  on  by  solar 
heat  in  open  pans  or  heated  directly  over  a  fire  or  heated  by  steam,  or 
more  recently  in  open  pans  connected  with  an  exhaust  or  vacuum  pan. 
The  salt  is  raked  from  the  pans,  allowed  to  drain,  and  sometimes  dried 
artificially  before  it  is  put  on  the  market. 

The  average  composition  of  common  salt  is  as  follows: 

Sodium    chlorid 98.25 

Insoluble  residue    0.08 

Calcium  sulphate  1.31 

Magnesium  chlorid 0.10 

Sodium  sulphate    0.26 

100.00 

Sodium  chlorid,  or  common  table  salt,  though  a  true  inorganic  food, 
and  required  in  amounts  of  about  10  grams  a  day,  is  often  used  in  larger 
quantities,  20  grams  a  day,  as  a  relish.     {See  Volume  I,  Chapter  XL) 
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It  U  one  of  the  most  imi)ortant  iiiid  ahuiidaiit  of  the  naline  coimtituenU 
of  the  aiiiiiial  organism,  existing  normally  in  the  hhxMl,  where  it  keeps  the 
fibrin  and  allniniin  in  solution.  In  intlaniniation,  IxMng  thnH  nciHled,  it 
accnnmlatos  at  tlio  Hcat  of  the  niorhid  action,  diMap|H*aring  temporarHv 
from  the  urine;  its  reappearance  therein  is  eonsidercd  one  of  the  «ureHt 
si<27is  of  the  patient's  iinproveiiicnt,  'Mn  very  <!iliite  Holntion  it  enuhlen 
water  to  dissolve  InHh  albumins  a.id  globulins,  and  renders  water  non- 
irritant  to  the  animal  tissues  and  harndess  to  the  re<i  hltM>d  corpumdc's." 
For  these  purposes  the  solution  employed  is  one  of  0.5  per  cent,  known 
in  experimental  physiology  as  the  normul  mil  Holuiitni.  In  snl/Mtanc«*, 
however,  or  in  concentrated  solution,  salt  is  very  irritant  to  cut  surfaees, 
mucous  membrane,  muscle  and  nerve  tissues.  Taken  into  tlie  stomach  in 
quantity,  it  irritates  that  organ  and  induces  vomiting.  When  alxtorbed 
in  excess  of  the  normal  retiuirements  of  the  Ixxly  it  ciinses  tlie  peculiar 
nervous  irritation  expressed  by  the  sense  of  thirst,  and  is  relieved  only 
by  the  ingestion  of  water  in  sufficient  quantity  to  enable  the  excess  to  be 
dissolved  and  excreted  by  the  kidneys.  It  is  rapidly  absorlnft  and  rapidly 
excreted;  and  when  consumed  in  excess  it  increases  tissue  change  and 
consequently  the  excretion  of  urea  and  potassium  salts.  On  the  other  hand, 
the  excessive  ingestion  of  potassium  salts  (as  in  the  cases  of  herbivorous 
animals  and  vegetarian  cranks)  increases  the  excretion  of  sodium  chlorid 
by  a  double  decomposition  between  these  salts  in  the  bhxxl,  forming  potas- 
sium chlorid  and  sodium  phosphate,  which  being  foreign  to  the  blood  are 
constantly  excreted.  In  this  way,  by  a  continuous  vegetable  diet,  the 
normal  amount  of  sodium  chlorid  in  the  organism  may  be  greatly  re- 
duced, and  the  animal  will  feel  the  want  of  it  and  will  travel  hundreds 
of  miles  to  visit  a  salt  lick.  Besides  l)eing  emetic  when  given  internally, 
sodium  chlorid  also  acts  as  a  hemostatic,  decreases  the  secretion  of  mucus, 
is  a  vermifuge  against  threadworms,  promotes  the  abst)rption  of  pleuritic 
serous  exudations  and  of  dropsies,  and  has  considerable  power  as  an  anti- 
periodic  and  an  antiseptic. 

PICKLES    AND    SALADS 

Pickles. — Pickles  are  made  from  fruits  and  vegetables  by  a  pnxt»s9 
of  pickling — i.e.y  immersion  in  a  solution  of  salt  and  vinegar.  Cucumbers, 
artichokes,  beets,  carrots,  gerkins,  figs,  peaches,  cauliflower,  onions,  pears, 
string  beans,  walnuts,  capers  and  nasturtium  seeds  are  all  thus  pickleil. 

The  common  household  method  nf  pickling  is  to  soak  the  vegetable 
for  some  days  in  brine;  afterward  they  are  subjected  to  scalding  with  boil- 
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ing  water  at  stated  intervals,  being  put  back  in  the  brine  between  times 
and  finally  put  up  in  suitable  containers  filled  with  vinegar,  to  which 
spices  and  sugar  have  been  added.  Pickles  like  all  vegetables  are  anti- 
scorbutic, but  many  of  them  are  difficult  to  digest,  and  without  good  mas- 
tication and  the  stimulation  of  the  stomach  by  the  spices  they  may  prove 
quite  indigestible. 

Pickles  are  often  adulterated  by  the  use  of  the  salts  of  copper  to  give 
the  pickle  a  fresh  green  color.  Alum  is  also  a  common  adulterant,  added 
to  the  pickled  vegetables  to  make  them  firm  and  crisp. 

Cold  Slaw. — The  red  cabbage  is  the  favorite  cabbage  for  pickling,  but 
the  white  cabbage  should  not  be  overlooked  at  a  time  when  salads  are 
scarce.  White  cabbage  hearts  chopped  fine  and  mingled  with  vinegar, 
salt  and  oil  will  supply  a  salad,  ^'cold  slaw,''  throughout  the  winter  when 
other  materials  are  scarce. 

Sauerkraut. — Sauerkraut  is  a  preparation  of  cabbage  leaves.  These 
are  chopped  or  shredded  very  fine  and  packed  in  casks  with  salt  and 
weighted  down ;  water  is  then  added  until  the  whole  is  submerged  in  the 
briny  solution.  After  standing  for  some  time  the  mass  undergoes  fer- 
mentation— during  which  process  the  various  organic  acids  of  the  vege- 
table impart  a  flavor  w^hich  is  much  prized.  This  pickled  cabbage  is  a 
favorite  German  dish.  It  is  now  extensively  consumed  in  the  United 
States. 

Sktshi. — One  of  the  Russian  national  dishes,  called  sMshi,  is  made 
by  packing  chopped  cabbage  into  barrels  with  vinegar  and  salt,  and  allow- 
ing the  cabbage  to  ferment.  The  product  is  made  into  a  broth  with  meat 
and  forms  an  important  part  of  the  daily  food  of  the  common  people. 

Salads. — Salads  are  composed  of  vegetables,  usually  raw,  many  kinds 
being  mingled  together  and  dressed  with  condiments,  such  as  vinegar, 
salad  oil  and  spices.  Salads  are  valuable  as  a  food,  mainly  for  the 
freshness  of  the  vegetables  of  which  they  are  composed,  for  their  vita- 
mines  and  valuable  mineral  salts,  and  the  iron  in  connection  with  the 
chlorophyll  which  gives  vegetables  their  green  color.  Salads  are  cooling, 
appetizing  and  antiscorbutic.  Sometimes  salads  cause  indigestion,  and 
because  of  the  indigestible  cellulose  in  them  many  people  require  the 
addition  of  vinegar  to  stimulate  the  process  of  digestion.  The  salads 
most  commonly  served  consist  of  lettuce  and  one  or  more  of  the  following : 
onion,  cucumber,  endive,  cress,  radish,  tomato,  beetroot.  Other  salad 
plants  are  the  cardoon,  which  resembles  the  artichoke,  the  leaf  stalks  of 
which  are  blanched  like  celery,  and  which  is  eaten  as  a  vegetable  in  soup 
or  salad.     Some  of  the  following  plants  or  herbs — borage,  burnet,  coper, 
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chevril,  inint^  nusturtiiim,  parsley,  pepper,  griiHM,  green  peppers  and  sor- 
rel— have  vegetable  aeids  or  essential  oils  which  give  tliem  a  characteristic 

Havor  for  making  tasty  salads. 
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CHAPTER   XVIII 

TOXIC    SUBSTANCES    OF    KDIIU.K    FOOOS^SOME 
CONSEQUENT    DISEASES 

IN    COLLABORATION    WITH 

A.  L.  Benedict,  A.M.,  M.D.,  F.A.C.P. 

Medicinal  and  Toxic  Substances  of  Edible  Foods. 

Diseases   Caused   by   Dietetic   Errors  and   V^arious   Food   Poiaona:    ClAMi- 
fication  of  Dietetic  Errors  Causing  Disease. 

In  a  work  devoted  to  the  scientific  application  of  the  fundamental 
doctrine  of  trophotherapy  to  the  general  principles  of  nutrition,  there 
must  obviously  occur,  here  and  there,  an  overlapping  of  phannacolop;\' 
and  toxicology  on  the  one  hand  and  of  dietetics  on  the  other — especially 
with  regard  to  foods  derived  from  the  vegetable  kingdom. 

Tannic  acid  and  certain  volatile  and  essential  oils  and  pigments  of 
more  or  less  positive  medicinal  properties  are  found  at  least  in  some  parts 
of  all  plants  used  as  food  or  food  adjuncts. 

MEDICINAL   AND   TOXIC   SUBSTANCES   OF   EDIBLE   FOODS 

The  principal  vegetable  foodstuffs  in  which  toxic  or  medicinal  sub- 
stances are  found  are  as  follows: 

Abies  Nigra,  or  black  spruce,  possesses  powerful  antiscorbutic  prop- 
erties. The  American  Indians  are  said  to  have  taught  Jaa]ue8  Cartier  the 
use  of  this  plant,  which,  according  to  Cartier,  was  at  that  time  far 
superior  to  any  antiscorbutic  then  known  to  European  physicians. 

Aesculus  hippocaManum,  or  horse  chestnut,  is  a  possible  source  of 
starch,  when  freed  from  the  bitter  medicinal  principle. 

Acorns  contain  larger  quantities  of  starch,  which  is  available  for 
breadmaking  after  the  acorns  have  been  buried  underground  for  a  certain 
period  to  extract  the  tannin. 
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Asparagus  contains  an  active  principle,  asparagin  (04118^2^^3)? 
which  is  a  stimulant  diuretic  and  to  some  extent  an  arterial  and  nerve 
sedative.  While  contained  mainly  in  the  root,  it  is  present  to  some  extent 
in  the  stalk.  The  latter  has  been  recommended  as  an  oxytoxic  and  em- 
menagogue,  as  a  nerve  sedative  and  a  diuretic  in  dropsy  of  various  forms 
and  as  an  aphrodisiac.  Asparagin  is  an  active  principle,  occurring  in 
large  rhombic  crystals  and  found  in  many  other  plants,  as  in  the  shoots 
of  asparagus,  vetches,  potatoes,  licorice,  the  sweet  almond,  the  root  of  the 
locust,  etc.  It  is  considered  a  derivative  of  succinic  acid,  and  has  diuretic 
properties,  besides  being  a  sedative  to  the  circulation.  It  may  be  used 
in  ascites,  especially  in  children,  in  the  anasarca  of  Bright's  disease  and 
in  gout.  It  is  eliminated  in  the  urine  as  methyl  mercaptan,  which  has 
a  peculiar  disgusting  odor.  It  is  excreted  very  rapidly,  being  noticeable 
from  one  to  six  hours  after  ingestion.  There  is  no  better  test  of  gastric 
motility,  absorption  and  renal  elimination  than  the  time  of  appearance 
and  disappearance  of  the  characteristic  odor  of  asparagin. 

Bananas,  when  ripened  and  especially  when  cooked,  develop  a  strong 
odor  of  amyl  nitrite,  and  occasionally  produce  mild  symptoms  of  vascular 
dilatation. 

Barberries  contain  a  bitter  yellowish  alkaloid  substance,  herherin, 
which  is  also  found  in  hydrastis  and  many  other  plants.  Bitter  almond, 
peach  pits,  cherry  pits,  etc.,  yield  hydrocyanic  acid  from  the  inner  action 
of  the  emulsin  amygdalin.  The  latter  is  not  present  in  sweet  almonds. 
The  therapeutic  action  of  this  acid  is  too  well  known  to  medical  men  to 
be  repeated  here. 

Chamomile,  peppermint,  catnip,  sage,  savory,  saffron,  honeset,  and 
other  herbs  of  this  character  are  often  used  for  making  teas.  They  do 
not  exert  any  very  powerful  medicinal  action  nor  have  they  any  nutritive 
value.  They  do,  however,  exert  a  slight  medicinal  action  in  that  they 
are  sudorific  and  more  or  less  sedative  to  the  nervous  system. 

Coca  crythroxylum  is  the  plant  from  which  the  alkaloid  cocain  is 
derived.  It  is  entirely  distinct  from  caffein.  The  general  use  of  the 
plant  is  as  a  nerve  sedative  and  stimulant.  It  is  incorporated  with  a 
popular  drink  which  is  now  used  as  a  beverage. 

Cratcegus  is  a  species  of  thorn  apple  occasionally  eaten  as  a  fruit. 
Aside  from  the  astringent  and  volatile  principles  contained  in  the  apple, 
exaggerated  claims  have  been  made  by  certain  practitioners  for  an  extract 
or  tincture  made  from  this  apple,  which  is  alleged  to  be  valuable  as  a 
heart  tonic. 

Carrots,  parsnips,  celery,  anise,  caraway,  dill,  coriander  and  parsley. 
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like  all  other  nml)ollifcnv,  contain  volatile  oils  which  are  poisonoiiM  in 
sutHcient  doses.  When  the  foliap*  of  <'arr«»t.H  iH  wet,  it  pvi»»  off  a  |Kii- 
sonous  substance,  perhaps  an  essential  oil,  which  exertn  an  irritating  action 
upon  the  skin  similar  to  eczema  or  to  the  irritation  produced  from  the 
poison  ivy.  Parsnips  are  considered  i)oisonon8  if  UHcd  the  iiocond  ;^ear. 
Tlie  bleaching  of  celery  by  burying  in  soil,  it  is  claimed,  free*  the  Htulka 
and  leaves  of  their  volatile  oil. 

Cucumbers,  squashes  and  jmmphins  belong  to  a  family  pervaded  with 
a  bitter,  cathartic  principle  which  nuiy  cn-casion  gastric  distrcas  and  diar- 
rhea, when  an  unusual  (luantity  of  this  principh?  is  present.  This  occnra 
especially  if  the  fruit  is  over-riiwned  or  a  faint  fermentative  pniccHs  has 
begun. 

Coffee,  tea  and  cocoa  were  discussed  in  thr  piiii..ti>  liiaphi-  on 
beverages  and  stimulants  and  are  more  or  less  commonly  useil  as  Uhh\ 
adjuvants.  They  contain  definite  physiological  principles,  purins,  di- 
and  tri-niethyl  xanthin,  including  tannic  acid,  which  is  injurious  to  health. 

Bed  cabbage  contains  litmus,  so  also  do  many  of  the  pigmcnta  of 
fruits,  i.e.,  such  vegetables  as  the  beet,  the  stem  of  the  red  apple,  etc. 
While  of  no  known  therapeutic  or  toxic  importance,  these  color  reactions 
may  interfere  with  the  examination  of  stomach  contents,  and  may  lead  to 
a  false  diagnosis  of  blood,  bile  and  other  colored  abnormal  ingredienta 
of  the  feces. 

Com,  as  we  learned  in  Volume  I,  Chapter  XI 11,  is  indigenous  to 
America.  Of  late  years  it  has  been  accused  of  l)eing  the  cause  of  i>ellagra, 
probably  unjustly,  unless  as  a  factor  in  improperly  balanced  diet  (See 
Eye.) 

Elderberries,  obtained  from  the  elder  bush,  Sambucus  nigra,  are  often 
used  in  the  same  way  as  huckleberries.  They  have  an  active  principle, 
but  in  very  small  quantities.  These  berries  are  used  to  adulterate  huckle- 
berries and  in  the  making  of  elderberry  wine. 

Grapes,  while  a  delightful  fruit,  are  rich  in  tartaric  acid.  Tlie  skins 
contain  quantities  of  tannin. 

Horseradish,  watercress,  mustard,  turnip,  radish,  all  contain  aromatic 
sulphur  compounds  which  in  large  quantities  are  more  or  less  irritating 
to  the  alimentary  canal. 

Hops,  in  addition  to  a  small  quantity  of  asparagin,  contain  also  a 
liquid  alkaloid,  lupulin  and  lupulinic  acid  (C^oHg^^io),  both  of  which 
were  mentioned  on  page  561,  when  describing  the  process  of  brewing. 
Hops  are  mildly  hypnotic  and  sedative,  and  are  sometimes  used  as  an 
anaphrodisiac. 
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A  candy  in  the  shops,  sold  under  the  name  of  Iceland  moss,  is  usually 
flavored  with  anise.  Besides  its  use  as  a  nutrient,  Iceland  moss  is  of 
value  as  a  demulcent.     It  is  also  considered  hemostatic  and  expectorant. 

Lettuce  contains  a  small  amount  of  hyoscyamin  ( 01^11231^04)  and 
other  active  principles.  These  principles  have  been  referred  to  by  some 
writers  as  a  mild  form  of  opium. 

Licorice  is  obtained  from  the  root  of  the  glycyrrhizay  a  native  of 
Europe  and  largely  cultivated  in  many  other  parts.  It  is  slightly  demul- 
cent and  mildly  laxative.  Licorice  has  an  agreeable  taste  and  increases 
the  flow  of  saliva  when  slowly  chewed  or  sucked.  It  contains  a  small 
amount  of  sugar,  also  asparagin  and  is  used  as  an  expectorant.  It  is  much 
employed  in  acute  bronchitis. 

Limes,  lemons,  oranges,  grapefruit,  etc.,  contain  antiseptic  oils  in  the 
skins,  while  the  fruit  contains  considerable  quantities  of  citric  and  malic 
acids. 

Manna  is  a  saccharine  substance  containing  various  sugars.  It  is 
derived  from  a  species  of  ash  tree,  oalc,  larch,  flowering  ash  and  the 
Indian  Alhagi  plant.  It  is  a  legume  and  possesses  laxative  as  well  as 
nutritive  qualities.  Manna  contains  mannotebrose  (C24II42O21),  each 
molecule  of  which  is  said  to  contain  two  molecules  of  galactose,  one  mole^ 
cule  of  dextrose  and  one  of  levulose. 

Mushrooms  are  described  in  Volume  I,  Chapter  XIII,  page  449,  and 
their  danger  pointed  out.  Some  varieties  of  this  form  of  fungi  contain 
several  active  poisonous  substances,  of  which  muscarin  (C5lIi3E^02+Il20) 
is  the  chief.  Amanitin  is  found  in  one  variety,  while  phallin  is  found 
in  others.  Cooks  have  various  tests  for  detecting  these  poisons.  For 
instance,  if  a  silver  spoon  or  fork  is  used  to  turn  the  fungi  while  cooking, 
the  metal  will  be  unaffected  by  edible  fungi ;  but  the  acrid  juice  of  poi- 
sonous mushrooms  will  corrode  or  blacken  the  silver.  'None  of  these  tests 
taken  singly  is  reliable. 

Onions  and  garlic  contain  ally!  sulphid,  which  is  expectorant,  anti- 
septic and  somewhat  irritating.  This  active  principle  may  produce 
intense  gastro-enteric  irritation  if  taken  in  large  quantities  or  in  persons 
having  a  peculiar  idiosyncrasy.  Regularly  taken  in  moderate  quantities, 
these  vegetables  seem  to  be  fairly  efficient  prophylactics  in  tuberculosis. 

Oats  belong  to  the  cereal  grasses,  which  constitute  the  principal  fodder 
of  stock  animals,  while  the  seeds  are  a  most  important  food  for  man. 
Wood  states  that  the  whole  family  contains  but  one  poisonous  or  even 
suspicious  genus,  lolium.  Oats  are  an  aphrodisiac  to  horses,  due  to  the 
active  principle,  avenin,  which  they  contain.     This  active  principle  is 
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slightly  toxic  to  man,  if  the  use  ia  long  ctjiitiimed.  Uuckwhealy  while 
not  a  true  cereal,  contains  an  active  principle  which  is  liahle  to  produce 
indigestion  and  skin  eruptions. 

Pomegranatey  as  a  fruit,  was  descrihed  on  page  495.  The  rind  con- 
tains the  same  liquid  alkaloid,  jKdletierin  (('gliiaXO),  an  the  hark  of 
the  root  and  therefore  has  puwerful  anthelmintic  prt)|MTtii»«. 

Pumphin  seeds  are  ohtained  from  the  pumpkin  fruit  which  ia  de- 
scribed on  i)age  514,  and  are  useful  as  an  anthelmintic  in  the  treatment 
of  tapeworm.     They  may  also  be  used  as  a  food. 

Potatoes,  tomatoes  and  egg  plant  all  contain  mydriatic  :iIk;iI..idH»  but 
not  to  any  appreciable  degree  in  their  edible  |)ortions.  Oi-caHionally, 
however,  the  green  parts,  even  raw  potato  peelings,  may  produce  mild 
poisoning.  Potato  tubers,  if  young  or  diseased,  are  liable  to  contiin  an 
alkaloid  solanidin  (C20H41NO2),  a  glucoside-like  combination  with  sugar, 
though  this  particular  alkaloid  is  usually  in  negligible  quantity.  Severe, 
though  not  fatal,  wholesale  poisoning  from  mydriatic  alkaloids  has  been 
recorded. 

May  apple  belongs  to  the  same  genus  as  the  officinal  Podophyllum. 
This  apple  is  occasionally  eaten  and  if  liberally  ingested,  more  particu- 
larly if  eaten  green,  may  produce  violent  catharsis. 

Persimmons,  as  fruit,  have  been  described  on  page  483.  They  are 
palatable  and  wholesome  after  frost,  but  prior  to  being  "frostbitten"  they 
are  disgustingly  bitter,  astringent,  and  exert  a  cathartic  action. 

Pennyroyal,  lavender,  sage,  hoarhound,  thyme,  spearmint,  pepper- 
mint, rosemary,  catnip,  occasionally  employed  for  flavoring,  belong  to  the 
mint  family.  All  of  them  possess  a  volatile  oil  more  or  less  medicinal, 
but  not  toxic  unless  in  large  quantities. 

Pawpaw  and  pineapple,  as  fruits,  are  considered  in  Volume  I,  Chap- 
ter XV,  page  490,  and  are  said  to  contain  digestive  ferments  similar 
to  trypsin  and  aniylopsin,  acting  in  alkaline  or  neutral  media,  as  do 
also  the  insectivorous  plants  not  used  as  food.  These  ferments  are  not 
so  sensitive  to  temperature  as  animal  ferments,  but  are  destroyed  by 
boiling. 

Rye  and  com  are  subject  to  smut  just  before  ripening.  From  the 
former  the  fluid  extract  of  ergot  is  obtained  and  from  the  latter  ustilago 
maydis  is  produced.  They  are  parasitic  plants  and  not  themselves  used 
as  food,  but  frequently  contaminate  the  cereals. 

Rhubarb,  described  in  Volume  T,  Chapter  XTTT,  page  435,  is  a  valuable 
article  of  diet.    Its  use  as  a  food  or  beverage  is  contra-indicated  in  per- 
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sons  of  a  gouty  diathesis  owing  to  the  presence  of  calcium  oxalate  in  its 
mineral  content. 

Tomatoes  and  sorrel  contain  considerable  amounts  of  oxalates.  Oxalic 
acid  poisoning  has  been  reported  from  the  use  of  rhubarb  leaves  as  greens. 

Rice  as  a  foodstuff  was  considered  at  length  in  a  previous  section. 
The  use  of  "polished  rice"  as  the  principal  carbohydrate  in  the  dietary 
undoubtedly  leads  to  the  production  of  beri-beri,  a  deficiency  disease, 
which  will  be  considered  at  length  in  Volume  III,  Chapter  XVII.  The 
researches  of  Casimir  Funk  and  others  have  shown  that  polished  rice  is 
devoid  of  accessory  substances — ^vitamines. 

Slippery  elm  is  obtained  from  the  inner  bark  of  the  elm  tree  and  is 
a  valuable  demulcent,  and  nutritive  to  a  slight  degree. 

Sarsaparilla  is  obtained  from  the  sarsaparilla  root  and  is  commonly 
used  as  a  flavor  for  soft  drinks.  Its  medicinal  and  toxic  action  is  not  of 
sufficient  moment  to  be  mentioned. 

Sassafras  contains  an  antiseptic  volatile  oil,  not  toxic  in  ordinary 
doses.  The  fresh  leaves  and  twigs  and  the  bark  of  the  root  are  often 
chewed  and  the  latter  is  made  into  a  tea. 

Tapioca  is  prepared  from  the  roots  of  the  casava,  which  was  described 
in  Volume  I,  Chapter  XIII.  The  sap  of  this  plant  is  poisonous,  but  it 
can  be  removed  by  washing. 

Vanilla  is  obtained  from  the  vanilla  bean;  its  active  principles  are 
irritating  to  the  skin,  conjunctiva,  alimentary  canal  and  urinary  passages. 
It  possesses  slight  aphrodisiac  qualities,  but  these  effects  are  rare  owing 
to  the  minute  quantity  employed  in  foods. 


DISEASES  CAUSED  BY  DIETETIC  ERRORS  AND  VARIOUS  FOOD 

POISONS 

It  is  a  well-known  fact  that  diseases  may  be  caused  by  taking  too 
little  or  too  much  food,  or  by  an  improperly  balanced  dietary — for  in- 
stance, one  which  does  not  contain  the  proper  combination  of  food  elements 
in  correct  proportions.  Other  factors  and  influences,  the  precise  nature  of 
which  are  more  or  less  obscure,  may  also  act  as  etiological  factors.  Food 
which  contains  certain  poisons  or  disease  germs  or  parasites  taken  into 
the  body  with  the  food  may  also  act  as  a  causative  factor.  Personal 
idiosyncrasy  to  certain  foods  may  occasionally  produce  illness.  Some 
claim  that  all  food  idiosyncrasies  are  due  to  anaphylaxis. 


DISKASES    CAUSED    BY    FOOD    POISONS  663 

Classification  of  Dietetic  Errori  Causing  Diieaie Dietetic  errors  may 

act  as  causative  factors  in  producing  a  variety  of  diaeatKMl  conditiona: 

(a)  InauHicicnt  Food. 

(6)  Overeatiufj;. 

(c)  Imperfectly  Balanced  Diet 

(d)  Foods  Containing  Animal  Parasites  or  Ova. 

(e)  Foods  (\)ntninin«^  l^tomains. 

(/)  Foods  Containinj^  Other  Poisons. 

{g)  Adulterated  Foods. 

(h)  Foods  (\mtainin^  Mieroiirpjanisms. 

(t)  Wholesome  F(K)d  against  which  Personal  Idiosyncrasy  Exists. 

(;)  Alcohol  as  a  Food  and  a  Poison. 

(o)  INSUFFICIENT  FOOD.— The  diseases  arising  from  the  partaking  of 
insufficient  food  are  starvation,  malnutrition,  nnirasmus  and  some  forms 
of  anemia,  including  chlorotic  conditions  in  young  girls  who  are  under- 
fed. Starvation  is  a  condition  in  which  the  tissues  are  not  nourished, 
due  to  the  lack  of  assimilation  of  food.  A  well-halanced  ration  may  be 
ingested,  but  defective  metabolism  results  in  inanition  from  lack  of 
ability  to  absorb  and  develop  force  and  nutriment  from  the  body.  Ex- 
posure to  cold  accelerates  starvation  symptoms  by  reducing  the  vitality 
of  the  body. 

(h)  OVEREATING.— Overeating,  or  the  taking  of  improper  food,  gives 
rise  to  a  great  variety  of  diseases,  especially  in  individuals  who  have 
predisposing  hereditary  tendencies  to  certain  maladies.  A  gourmand  may 
not  only  partake  of  too  much  food,  but  of  foods  which  produce  more  or 
less  irritation  of  the  alimentary  tract.  This  irritation  may  be  the  direct 
cause  of  disease,  as  in  acute  indigestion  and  inflammatory  conditions  of 
the  gastro-enteric  tract. 

Temporary  overeating  at  one  or  two  meals  may  not  produce  any  serious 
effect,  but  when  excess  in  feeding  is  long  continued,  a  variety  of  ills  will 
sooner  or  later  result,  due  to  overloading  of  the  alimentary  canal  and  to 
the  accumulation  of  waste  matter  in  the  tissues,  leading  to  imperfect 
oxidation  processes.  The 'injurious  effects  of  overeating  lead,  first,  to 
abnormal  fermentation  in  the  alimentary  tract  w^ith  the  resulting  decom- 
position of  starches,  fats,  sugars  and  proteins,  leaving  end  prmlucts,  par- 
ticularly of  protein  digestion,  which  may  be  reabsorbed  into  the  circu- 
lation, while  the  former  may  decompose  or  pass  away  unaltered;  but  if 
the  end  products  of  protein  digestion  are  absorlxnl  intn  tl.o  blood,  it  is 
overwhelmed  and  the  excretory  organs  overworked. 
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Chronic  overeating  may  lead  to  certain  diseases  or  diatheses,  such  as 
obesity,  gout,  lithemia,  oxaluria  and  the  formation  of  renal,  vesical  and 
hepatic  calculi.  This  habit  may  also  produce  congestion  of  the  liver, 
leading  to  a  condition  known  as  ''biliousness,"  in  which  the  stomach  and 
intestines  are  engorged,  the  tongue  is  heavily  coated,  the  bodily  secretions 
are  altered  in  composition,  the  urine  overloaded  with  urea  compounds, 
the  liver  congested,  and  finally  the  nervous  and  muscular  systems  are 
depressed  as  a  result  of  the  imperfect  digestion  and  absorption  in  the 
alimentary  tract.  This  leads  to  fatigue,  lassitude,  drowsiness,  to  physical 
as  well  as  mental  depression.  Overeating  puts  a  severe  tax  upon  the 
digestive  system,  at  the  same  time  exerts  a  great  strain  upon  the  glandular 
and  excretory  organs,  the  liver  and  kidneys.  If  the  habit  is  long  con- 
tinued, intestinal  auto-intoxication  and  intestinal  stasis  are  inevitable, 
resulting  in  impaired  mental  and  physical  efficiency.  An  overfed  boiler 
soon  burns  out,  its  flues  become  choked  with  ashes  which  accumulate 
faster  than  they  can  be  removed.  Overeating  is  the  commonest  dietetic 
error,  especially  with  the  well  to  do,  and  analyzing  the  question  in  its 
broadest  aspects,  we  are  quite  certain  that  it  lays  the  foundation  for  more 
diseases  than  overdrinking. 

(c)  IMPERFECTLY  BALANCED  DIET.— Food  in  itself  may  be  whole- 
some, and  at  the  same  time  it  may  be  injurious  to  the  system  because 
the  ingredients  are  not  properly  balanced.  The  diet  may  produce  anemia 
from  lack  of  meat  or  other  animal  or  vegetable  food  sufficiently  rich  in 
iron.  It  may  produce  scurvy  from  preponderance  of  salt  meat  and  fish 
and  lack  of  fresh  fruits  and  vegetables.  Rickets  and  scrofula  arise  from 
errors  of  infant  feeding,  such  as  excess  of  starchy  food  and  insufficient 
animal  food,  together  with  the  necessary  salts.  Foods  too  rich  in  fats 
may  produce  acne  or  eczema.  Constipation  sometimes  is  due  to  food 
that  is  highly  concentrated  or  too  nutritious,  and  hence  containing  too 
little  cellulose  and  water  to  stimulate  peristalsis  adequately.  It  is  the 
belief  of  Giibler  and  other  authorities  that  an  exclusively  vegetable  diet 
eventually  leads  to  the  development  of  an  atheromatous  condition  of  the 
arteries,  on  account  of  the  large  proportion  of  mineral  salts  which  thus 
enter  the  blood  through  vegetables;  but  this  evidence  is  not  convincing. 
It  has  also  been  claimed  by  some  authorities  that  a  strictly  vegetable  diet 
favors  the  deposition  of  mineral  salts  in  different  parts  of  the  body  as 
phosphatic  stone,  gravel  and  tartar  on  the  teeth.  It  is  almost  impossible, 
however,  to  select  a  diet  that  does  not  allow,  ultimately,  the  accumulation 
of  calcium  salts,  especially  the  phosphate.  A  diet  composed  largely  of 
coarse  cereals  leads  to  a  roughening  of  the  skin. 
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There  are  many  facts  in  nature  which  indicate  that  man  from  his 
earliest  prehistoric  days  has  been  omnivorcms,  adapting  himaelf  to  his 
surr()nndin«;s  and  eatinjj:,  in  liis  priniitivo  condition,  wluitevcr  his  cnvi- 
ronnient  ati'orded  and  what  he  could  ol)tain  with  k«aHt  rcHiHtance  and  with 
least  expenditure  of  labor — vegetables  when  in  season  and  animal  food 
at  other  times.  This  is  shown  in  the  practically  unchan^f>d  dentition  from 
prehistoric  skulls,  in  the  length  of  the  alimentary  canal  and  by  the  char- 
acter of  the  digestive  organs  and  secretions  existing  at  present.  A  study 
of  the  dietetic  habits  of  the  more  primitive  races  of  living  mankind  shows 
that  no  ariruments  can  be  drawn  from  them  as  to  the  advantages  of  any 
particular  class  of  foods. 

(d)  Foods  Containing  Animal  Parasites  or  Ova. — Qiiite  a  number 
of  diseases  are  communicated  to  man  by  means  of  the  parasites  or  their  em- 
bryos taken  into  tlie  stonuich  with  food  or  drink.  In  many  instances,  the 
source  of  infection  is  found  in  the  consumption  of  raw  or  imperfectly  cooked 
swine-flesh,  other  meats  used  in  the  manufacture  of  sausages,  and  similar 
preparations  which  are  carelessly  handled  and  come  in  contact  with  the 
viscera  of  the  animals  in  which  parasites  or  embryos  in  some  intermediate 
state  of  development  reside.  Another  possible  source  of  infection,  espe- 
cially by  intestinal  worm  larvae,  is  in  the  excrement  of  animals  allowed 
to  pollute  raw  vegetables  growing  upon  the  ground.  ^Manure  used  for 
fertilizing  purposes,  spread  around  the  roots  of  growing  vegetables,  and 
the  feces  of  domestic  animals  infested  with  worms  may  contaminate 
vegetables  growing  low  upon  the  ground  and  usually  eaten  raw,  such  as 
celery,  cabbage,  lettuce,  etc.  For  this  reason  no  domestic  animal  should 
be  allowed  to  roam  at  large  in  a  vegetable  garden.  We  will  not  take  up 
here  the  subject  of  these  parasites  and  their  effects  upon  the  human  sys- 
tem, as  the  student  may  find  this  subject  well  covered  in  text-books  on 
bacteriology. 

Varieties  of  Parasites. — The  Ameha  colt  is  a  parasite  whose  life 
history  is  not  definitely  known,  but  it  causes  a  form  of  chronic  dysentery 
and  is  probably  taken  into  the  system  through  drinking  water. 

Coccidium  oviforyne  probably  gains  entrance  into  the  system  through 
drinking  water,  ingestion  of  green  vegetables  or  from  handling  domestic 
pets.  Its  life  history  is  also  obscure.  The  spores  have  been  found  in  the 
liver,  pleura  and  other  organs  of  man. 

Trichomonas  intesHnalis  is  a  small  parasite  at  times  found  in  the 
stools  of  man.* 

iThis  parasite  has  been  described  by  George  Dock,  Am.  J.  Med,  8c..  toL  aci. 
p.  1,  1896. 
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Distoma  hepaiicum,  or  liver  fluke,  frequently  infests  the  gall-duct  or 
the  gall-bladder.  The  embryos  are  attached  to  aquatic  plants  and  are 
said  to  be  taken  in  with  them  or  with  drinking  w^ater.  See  Volume  III, 
Chapter  XIV. 

Bilharzia  hwtnatobium,  or  blood  fluke,  is  found  in  the  urine,  and  the 
embryos  are  probably  taken  into  the  body  with  drinking  water,  especially 
in  southern  Africa  and  Arabia.     See  Volume  III,  Chapter  XIV. 

The  presence  of  intestinal  worms,  such  as  Ascaris  lumbricoides.  Tenia 
solium,  and  other  species  of  cestodes,  require  no  special  dietetic  care 
beyond  the  preventive  treatment  of  avoiding  raw  or  imperfectly  cooked 
flesh  and  submitting  the  patient  to  a  period  of  starvation  for  twenty-four 
hours,  to  completely  empty  the  alimentary  tract  of  food,  before  an  anthel- 
mintic is  administered.  There  are  two  principal  varieties  of  tapeworms 
found  in  man  besides  four  or  five  others  found  in  the  intestines  of  the 
lower  animals.     See  Volume  III,  Chapter  XIV. 

Tenia  solium  is  a  pork  tapeworm  and  is  a  somewhat  rare  form. 
Tenia  saginata  is  the  beef  tapeworm  which  is  produced  through  eating 
raw  or  underdone  beef.     Consult  Volume  III,  Chapter  XIV. 

Tenia  cucumerina  is  a  very  small  tapeworm  found  in  the  dog  and  its 
embryos  occur  in  the  dog  louse. 

Tenia  mediocanellata  is  a  segmented  worm  having  a  large  square  head 
and  four  suckers,  by  which  it  maintains  its  hold  upon  the  intestinal 
mucosa  without  the  aid  of  booklets. 

The  Bothriocephalus  latus  is  a  tapeworm  found  in  the  north  of  Europe, 
but  it  is  occasionally  imported  into  the  United  States.  The  larvae  are 
found  in  fish. 

The  Tenia  ecMnococcus  is  found  in  the  intestines  of  dogs.  Its  infec- 
tion in  man  occurs  from  handling  dogs  or  from  eating  green  vegetables, 
while  the  Ascaris  lumhricoides  is  a  round  worm  and  a  common  parasite 
found  in  man  and  whose  life  history  is  unknown.  See  Volume  III, 
Chapter  XIV. 

The  Oxyurls  vermicularis,  or  pin-worm,  is  found  in  children,  from 
infancy  up.  It  is  a  small  parasite  which  is  believed  to  enter  the  system 
with  raw  fruit  or  food,  etc.     See  Volume  III,  Chapter  XIV. 

AnTcylostomum  duodenale  is  a  parasite  which  has  lately  attracted 
some  attention.  Formerly  it  was  little  knov^n  in  the  United  States.  The 
embryos  of  this  parasite  are  probably  taken  into  the  system  with  drink- 
ing water  and  also  through  the  skin.  It  attacks  the  upper  part  of  the 
intestinal  tract  and  causes  severe  anemia.    It  is  apt  to  be  found  in  brick- 
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makers,  miners,  dirt  eaters  and  bricklayen*.  The  infwtion  is  aliio  calletl 
hookworm  disease  or  anhylostomiaitU  The  diafnioHiM,  fiiulitif^  the  eggs 
in  the  excrement,  is  easy.  Tlie  treatment  is  H|)e<Mtic!,  fasting  for  one  day, 
then  a  saline  purge,  followed  by  thyinoL  See  also  Volume  IH  '  i..'>. 
ter  XIV. 

Filaria  sanrpdnis  hominis  is  a  parasite  found  in  various  j.art-  ..t  the 
world,  and  is  ])r(>lmMy  taken  into  the  system  through  impure*  water.  It 
causes  hcuiatocliyluria  and  prodnccs  elephantiasis.  (Vnlninc  III.  Chai*- 
ter  XIV.) 

Filaria,  or  Dracunculus  inrdinensis,  deveh)ps  in  the  eyelo|)s,  a  small 
crustacean.  The  larva>  are  probably  taken  into  the  stomach  thmugli  the 
medium  of  drinkini^;  water  and  produce  inllammatory  conditions  of  the 
skin  leading  to  vesicles  and  ulcers. 

T  rich  ore  phalua  dispar  is  found  in  the  cecum  of  man,  but  d«H»8  not 
usually  cause  any  injurious  symptoms. 

Bhabdonema  intestinale,  or  diarrhea  wonn.  is  a  small  parasite  native 
of  Cochin  China.     It  produces  tropical  diarrhea. 

Trichiniasis  is  a  disease  caused  by  eatinj^  the  so-called  measly  pork, 
or  pork  infected  with  Trichina  spiralis.  This  parasite,  one  of  the  nema- 
tode worms,  is  only  observed  spirally  coiled.  Infection  in  man  is  caused 
by  the  eating  of  ham  and  pork  from  hogs  whose  botlies  contain  the  para- 
site. When  taken  into  the  intestinal  canal,  the  envelope  surrounding  the 
embryo  is  dissolved  and  develops  into  a  full-grown  trichina  in  from  three 
to  six  days.  The  female  produces  embryos  by  the  thousands,  which  are 
found  several  weeks  later  in  the  voluntary  muscles.  In  Germany,  raw 
pork  is  eaten  with  greater  frequency  perhaps  than  in  other  countries. 
Trichiniasis,  therefore,  is  commoner  in  that  country  than  in  tlie  United 
States.  A  temperature  of  140°  F.  kills  the  parasite  and  the  only  sure 
way  of  preventing  this  disease  is  the  thorough  cooking  of  all  pork,  ham, 
or  sausage  made  from  swine  flesh.  The  symptoms  of  this  disease  are 
Tioticed  four  or  five  days  after  eating  raw  pork  or  ham.  The  patient 
will  suffer  from  severe  abdominal  cramps,  with  vomiting  and  diarrhea. 
General  muscular  prostration  may  also  be  present,  which  may  or  may 
not  be  followed  by  chills.  In  some  cases  the  gastro-intestinal  symptoms 
may  not  be  of  sufficient  severity  to  attract  attention.  There  will  be 
severe  pain  in  the  invaded  muscles,  with  an  increase  in  temperature  of  an 
intermittent  or  remittent  character.  If  the  diaphragm  is  invaded  or  tlie 
muscles  of  respiration  affected,  there  will  \ye  more  or  less  dyspnea.  If 
the  parasites  reach  the  face,  jaw  and  phar%mx,  mastication  and  degluti- 
tion may  be  difficult  or,  later,  impossible.     There  may  also  be  noticed 
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urticaria  and  more  or  less  disturbance  of  the  nervous  system.  Eosinophilia 
is  quite  characteristic. 

(e)  FOODS  CONTAINING  PTOMAINS.— Foods  containing  ptomains  are 
dangerous  to  life  and  health,  both  on  account  of  the  living  micro- 
organisms and  other  products.  Various  forms  of  food  when  decomposed, 
contaminated,  or  improperly  prepared,  may  produce  toxic  symptoms. 
Ptomains  and  leukomains  are  substances  of  a  protein  nature  which 
resemble  the  powerful  vegetable  alkaloids  in  their  composition  and  poi- 
sonous effects.  They  are  formed  in  the  alimentary  canal  by  the  decom- 
position or  putrefaction  of  nitrogenous  foods.  Some  of  these  poisonous 
products  are  found  in  animal  matter  which  is  undergoing  decomposition, 
such  as  tyrotoxicon  in  old  cheese  and  mytilotoxicon  in  shellfish  under 
certain  conditions.  They  have  been  found  in  pork,  sausages,  potted  meat, 
ice-cream,  mouldy  bread,  oysters,  mussels,  crabs,  lobsters,  mackerel,  eels 
and  conger  eels.  Ermenglin(l)  says  that  the  toxic  ptomains  found 
sometimes  in  preserved  meat,  ham,  beans,  etc.,  are  due  to  a  specific  micro- 
organism, the  Bacillus  hotulinus,  which  secretes  a  soluble  ptomain,  called 
botulin;  it  is  intensely  poisonous,  but  is  destroyed  at  a  temperature  of 
60°  to  70°  C.  The  bacillus  which  produces  it  is  destroyed  at  85°  C, 
so  that  thorough  cooking  should  prevent  all  danger  from  this  source, 
provided  there  is  no  fresh  infection  after  it  is  cooked. 

The  artificial  cultivation  of  microorganisms  has  proved  that  they 
are  capable  of  forming  substances  which  have  distinct  physiological 
actions  that  are  sometimes  highly  poisonous.  Brieger  calls  these  poi- 
sonous ptomains,  toxins.  Many  of  these  microorganisms  flourish  in  beef- 
juice,  milk  and  various  solutions  of  nitrogenous  foods.  Conditions  are 
most  favorable  for  the  growth  and  development  of  toxins  in  the  alimentary 
canal.  When  these  ptomain  poisons  are  ingested,  therefore,  they  are 
readily  absorbed  by  the  intestinal  mucosa.  It  is  probable  that  ptomain 
poisoning  would  occur  much  more  frequently  than  it  does  were  it  not  for 
the  fact  that  the  liver  acts  as  a  guard  at  the  gateway  for  the  admission  of 
nutritive  material  for  the  body  and  is  capable  of  destroying  many  poisons 
which  enter  into  it  from  the  intestines  through  the  branches  of  the  portal 
vein. 

We  have  instances  of  the  liver  acting  as  a  bodyguard  to  the  system. 
A  poisonous  snake  bite  of  the  surface  of  the  body  might  prove  highly 
poisonous  by  immediate  absorption  of  toxic  material  into  the  circulation, 
whereas  the  poisonous  surface,  if  brought  to  the  mouth  and  swallowed, 
causes  no  harm,  for  it  is  absorbed  from  the  alimentary  canal  and  is 
destroyed  by  the  liver  before  reaching  the  nervous  system.     The  same  is 
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true  of  putrefying  meat,  which,  in  sniull  (luantitieii,  may  not  produce 
severe  gastro-intestinal  symptoms  or  ('<mHtitiitional  cliHtiirlm!icf»«,  aiui  vol 
if  inociilatod  tlirougli  a  cut  in  the  finger  may  caUBe  symptoms  of  a  violent 
septic  infection. 

The  symptoms  of  ptomain  pt>i8oning  may  (]G\'clop  in  from  fifteen  to 
twenty  min\itea,  or  may  be  dehiyed  as  many  hours  after  the  meal.  Some- 
times the  symptoms  nniy  bo  that  of  a  simple  urticaria,  or  there  may  be 
formed  large,  round  or  oval  .swellings  or  wheals,  having  a  whitish  center, 
pink  or  red  edges,  and  attended  with  intolerable  itching.  In  other  cases, 
there  may  be  pvmptonis  of  sufT(x»atlon,  extreme  mnHcuhir  wcakni»«.s  f<Tble 
heat  action,  purging,  cramps  of  the  extremities  and  other  choleric  symp- 
toms. Ptomains  may  be  developed  from  a  variety  of  focxls,  but  the 
principal  sources  from  which  poisoning  from  time  to  time  ocrcurs  arc  meat, 
sausage,  fish,  mussels,  cheese  and  milk.  Crnstacea,  and  to  a  Wm  degree 
other  foods,  may  develop  similar  symptoms,  even  if  cpiite  fresh  and  uneon- 
taniinated,  due  to  idiosyncrasy  which  in  turn  is  often,  and  according  to 
some  authorities,  always,  to  be  explained  as  an  anaphylactic  phenomena. 
Such  cases  may  equal  or  exceed  in  severity  those  due  to  ptomains,  but 
they  are  usually  more  prompt  in  their  onset  and  of  shorter  duration. 

Kreotoxismus. — Kreotoxismus,  or  meat  poisoning,  follows  the  inges- 
tion of  decomposed  flesh.  Diseased  raw  meats  and  those  partially  cooked 
have  given  rise  to  serious  symptoms  of  poisoning.  Even  thorough  chok- 
ing of  such  meats  may  not  always  make  them  safe  for  food.  The  flesh  of 
animals  that  have  died  of  any  disease  is  unfit  for  hnman  consumption,  and 
the  old  Mosaic  law,  ''Ye  shall  not  eat  anything  that  dieth  of  itself '(2), 
set  forth  in  Deuteronomy,  is  a  good  hygienic  rule.  Ham  poisoning  some- 
times occurs  and  other  meats  have  been  known  to  pnxluce  toxic  8ym|>- 
toms.  Among  these  may  be  mentioned  beef,  veal,  pork  and  fowl,  pork 
pies,  ribs  of  beef,  goose-grease,  in  fact  almost  every  kind  and  fonn  of 
canned  meats.  The  practice  of  placing  undrawn  poultrv  in  cold  storage 
should  be  forbidden,  instead  of  required  by  law,  especially  if  it  is  kept 
too  long  a  period  of  time  before  removal  from  cold  storage.  Gartner's 
bacillus,  the  Bacillus  enteritides,  is  developed  in  cold  storage  meats  and 
is  thought  to  be  the  immediate  cause  of  kreotoxismus. 

BoTULiSMUS. — Allar.tiasis,  or  sausage  poisoning,  is  probably  due  to 
the  emplo}Tnent  of  improper  methods  of  preparation.  It  has  been  known 
for  more  than  one  hundred  years  and  is  now  becoming  less  frequent,  as 
the  causes  which  give  rise  to  the  disease  are  becoming  better  known  to 
sausaire  makers.  Formerly,  blood,  although  decomposed,  was  often  used, 
and  in  other  instances  the  sausage  was  not  properly  cured,  the  outside 
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being  smoked  and  rendered  harmless,  while  the  center  was  soft  and 
highly  poisonous,  due  to  the  specific  Bacillus  hotulinus.  Such  sausage, 
the  outside  of  which  was  eaten  while  fresh,  exhibited  no  ill  effects, .  while 
those  who  partook  of  the  center  were  made  ill. 

Von  Faber,  in  1821(3),  ^^observed  sixteen  persons  who  were  made 
sick  by  eating  fresh  unsmoked  sausage  made  from  the  flesh  of  a  pig  which 
had  suffered  from  an  abscess  on  its  neck.  Five  of  the  patients  died. 
The  symptoms  were  as  follows :  There  were  constriction  of  the  throat  and 
difficulty  in  swallowing,  retching,  vomiting,  colic-like  pains,  vertigo, 
hoarseness,  dimness  of  vision  and  headache.  Later  on,  in  severe  cases, 
there  was  complete  exhaustion,  and  finally  paralysis.  The  eyeballs  were 
retracted;  the  pupils,  which  did  not  respond  to  light,  were  sometimes 
dilated  and  then  contracted,  and  the  upper  lids  were  paralyzed.  The 
tonsils  were  swollen,  but  not  as  in  tonsillitis.  Liquids  which  were  not 
irritating  could  be  carried  as  far  as  the  esophagus,  when  they  were 
rejected  from  the  mouth  and  nose  with  coughing.  Solid  food  could  not 
be  swallowed.  On  the  back  of  the  tongue  and  in  the  pharynx  there  was 
observed  a  puriform  exudate.  Obstinate  constipation  existed  in  all,  while 
the  sphincter  ani  was  paralyzed.  Breathing  was  easy,  but  all  had  a 
croupous  cough.  The  skin  was  dry  and  there  was  incontinence  of  urine. 
There  was  no  delirium,  the  mind  remaining  clear  to  the  last." 

IcHTHYOTOxiSMus. — Ichtlivotoxismus,  or  fish  poisoning,  may  occur 
under  various  conditions:  (a)  certain  fish  are  known  to  be  unfit  for  food, 
while  others,  edible  at  ordinary  times,  are  poisonous  during  the  spawn- 
ing season ;  (h)  diseased  or  decomposed  fish,  which  in  its  normal  condi- 
tion and  when  fresh,  is  edible,  when  diseased  or  decomposed  may  produce 
toxic  symptoms;  (c)  spoiled  canned  fish  and  shellfish  are  the  most  fre- 
quent causes  of  fish  poisoning;  (d)  some  fish  may  be  infected  with 
bacterial  diseases  which  may  cause  diseases  in  man;  (e)  like  other 
nitrogenous  food,  fish  may  be  infected  with  bacteria  producing  toxins. 

Kobert,  according  to  'Novy  and  Vaughan,  makes  the  following  classi- 
fication of  poisonous  fish: 

(a)  Fish  which  are  supplied  with  poison  glands  connected  with  barbed  fins, 
with  which  they  wound  their  enemies,  hke  the  poison  of  snakes.  These  cause  pros- 
tration, convulsions,  and  death  in  man. 

(b)  The  genus  tetrodon,  a  Japanese  fish  which  has  poisonous  ovaries.  They 
are  less  poisonous  in  winter,  when  the  ovaries  are  inactive.  Kakke,  a  disease  of 
Japan  and  other  Eastern  countries,  is  believed  to  be  due  to  the  eating  of  certain 
varieties  of  the  Scombri  dee  family. 

(c)  Certain  other  fish  whose  flesh  and  glands  are  harmless  may  be  dangerous 
on  account  of  the  decomposing  substances  of  corals,  etc.,  on  which  they  feed. 
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(d)  Poisoning  due  to  ptomains,  of  which  Anrep  has  uiulal«d  Iwo.  Tbeiie  an; 
due  to  tlie  fi;;li  hv'nitr  i„lV<'to<l  with  saprophytic  baetena.  The  sympUims  are  prin- 
cipally due  to  involvenu-nt  of  the  firnKtro-intestinol  tract  and  nervous  [^yitaii— 
nuusea,  vomiting?,  diarrhea,  prostration,  raahim,  etc. 

iMytilotoxismis.— :Mytil()t()xiHimiH,  or  p«.iHoiiing  from  muMeb  or 
other  shellfish,  usuall.y  resultd  from  infection  witli  ptonmins  cloveloped 
by  microorganisms.  The  idiosyncrasy  of  many  iMTHons  to  HhrllHsh  poi- 
soning is  well  known.  To  such  persons  tlje  eating  of  dam  broth  or  raw 
oysters,  crabs  or  lobsters,  may  ^rive  rise  to  violent  outhreiiku  of  urticaria 
or  eczema,  or  the  production  of  headache,  nausea,  vomiting  and  pureeing. 

According  to  Vaughan  and  Novy,  there  are  three  kinds  pf  shellHsh 
poisoning : 

(a)  Where  the  principal  symptoms  are  pastro-inlestinal,  and  of  varyinf?  in- 
tensity. This  form  may  at  times  be  choleriform  (Coombe).  Death  may  follow 
very  rapidly — in  Coombe's  case  it  occurred  in  two  days. 

(b)  The  most  frequent  form  is  that  in  which  symptoms  are  principally  ner- 
vous, coming  on  shortly  after  the  mussels  are  eaten.  There  is  a  sensation  of  heat 
and  itching;  a  rash  of  an  urticarial,  and  sometimes  of  a  vesicular  nature,  appeara. 
There  may  be  dyspnea  and  death  may  result  from  convulsive  tremors  or  coma. 
Death  has  followed  from  this  form  in  three  days. 

(c)  In  the  third  form  the  symptoms  are  those  of  an  intoxication  resembling 
alcoholism  followed  by  paralysis  and  death.  Coombe,  in  1827,  reported  death 
as  early  as  three  hours  after  eating  the  mussels  and  others  six  or  seven  bodrs 
and  still  others  after  longer  intervals. 

The  poison  in  shellfish  is  found  chiefly  in  the  liver  of  the  bivalve 
and  it  is  not  known  whether  a  certain  species  is  always  toxic  or  whether 
ordinary  mussels  become  poisonous  under  special  circumstances. 

It  is  a  well-known  fact,  however,  that  shellfish  "tonged"  from  filthy 
water  are  apt  to  be  poisonous.  Oyster  beds  near  the  outlet  of  a  city 
sewer  are  dangerous  for  food.  Many  cases  of  poisoning  have  l)een  reported 
from  the  eating  of  oysters  taken  from  the  near  vicinity  of  the  outlet  of 
a  drain  from  a  public  water-closet.  Shellfish  that  are  fresh,  that  have 
been  taken  from  clean  water  and  that  have  l)een  washed  with  clean  water, 
are  generally  safe.  Typhoid  fever  has  been  transmitted  through  oysters 
that  have  imbibed  the  bacilli  from  sewage. 

Tyrotoxismus. — Tyrotoxismus,  or  cheese  poisoning,  may  result  from 
the  ingestion  of  cheese  which  apparently  presents  no  suspicious  aspect 
and  which  to  all  appearances  is  entirely  wholesome.  Some  authorities 
believe  that  the  ill  effects  resulting  from  the  ingestion  of  certain  cheeses 
are  due  to  fatty  acids.  Numerous  cases  of  cheese  |viisoning  have  been 
discussed  and  reported.     In  1883  and  1884  the  Michigan  State  Board 
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of  Health  reported  some  three  hundred  cases  of  cheese  poisoning.  Per- 
sons who  ate  the  cheese  were  attacked  and  the  symptoms  varying  with 
the  quantity  ingested,  beginning  with  vomiting,  purging  and  with  watery 
stools;  the  tongue,  at  first  white,  later  red,  dry  and  parched.  The  pa- 
tients complained  of  pain  in  the  region  of  the  stomach.  The  circula- 
tion was  feeble,  heart's  action  irregular,  and  in  some  cases  there  was 
marked  cyanosis.  Vaughan  studied  these  cases,  and  as  a  result  claimed 
that  the  poisoning  was  due  to  twelve  different  varieties  of  cheese,  most 
of  which  came  from  one  factory.  The  cheese  differed  but  little  from 
ordinary  good  cheese ;  but  a  test  with  domestic  pets  proved  that  dogs  and 
cats  would  accept  the  good  cheese  and  reject  this  particular  bad  cheese. 
The  poison  was  isolated  as  a  crystallized,  highly  toxic  substance,  which 
Vaughan  called  tyrotoxicon.  This  special  ptomain  induces  vertigo, 
nausea,  vomiting,  rigors,  chills,  severe  epigastric  pain  and  marked  pros- 
tration. 

Galactotoxismus. — Galactotoxismus,  or  milk  poisoning,  may  follow 
the  ingestion  of  decomposed  milk.  Newton  and  Wallace  report  an  inter- 
esting series  of  cases  of  milk  poisoning  due  to  the  presence  of  tyrotoxicon 
in  milk.  The  milk  under  observation  came  from  a  dairy  where  the 
milking  was  done  at  noon  and  at  night.  It  was  found  that  the  noon  milk 
was  the  one  that  was  poisonous.  The  milk,  immediately  on  being  drawn, 
was  placed  in  cans  and  promptly  delivered  to  customers  in  the  middle 
of  the  day.  The  heat  permitted  the  growth  of  bacteria  with  the  forma- 
tion of  toxin.  There  have  been  numerous  recorded  instances  where  this 
toxin  in  milk  has  produced  poisoning.  Vaughan  and  Novy  have  demon- 
strated its  presence  in  ice  cream  and  custard.  The  summer  diarrheas  of 
children  are  doubtless  largely  due  to  this  form  of  poisoning. 

There  is  no  question  but  that  many  diarrheal  diseases  are  caused  by 
milk.  This  subject  is  one  of  great  importance,  since,  during  the  warm 
months,  97  per  cent  of  all  the  cases  that  occur  in  children  are  bottle-fed 
babies.  Only  milk,  therefore,  which  is  known  to  be  pure  and  produced 
under  the  most  watchful  and  careful  observation  in  its  transmission  from 
the  cow  to  the  consumer  should  be  allowed  the  infant  as  a  food.  The 
milk  is  a  sterile  fluid  when  leaving  the  cow,  but  if  carelessly  handled, 
many  cases  of  diarrhea  and  death  are  the  result.  It  is  not  absolutely 
known  just  what  bacteria  give  rise  to  summer  diarrhea.  Eecent  investi- 
gators point  out  the  Bacillus  dysentericus  as  an  organ  most  commonly 
present. 

Foot  and  Mouth  Disease (4). — Aphthous  fever,  epidemic  stomatitis, 
is  an  infectious  disease  of  animals,  most  frequently  seen  in  cattle,  sheep 
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and  pigs,  and  rarely  observed  in  iU^^^s,  .  ..i.  „„..  i.„,,,.  U  ,^  ,  juir«.i.r./.M 
by  the  presence  of  vesicles  and  ulcers  tipun  tlio  liuctnil  iniicims  membrane, 
in  the  clefts  about  the  feet  and  upon  llu»  udilers.  It  may  occur  in  epi- 
demics, when  it  spreads  with  great  rapl<iity.  The  diMettiie  waJi  studied 
as  early  as  1834,  when  three  (Jennan  veterinary  Hurginmii  drank  the  milk 
from  infected  cows  and  developed  the  disease.  Infants  and  children  have 
contracted  the  disease  by  drinking  contaminateil  milk.  The  disease  can 
also  be  transmitted  through  eating  clicese  or  butter  made  from  the  milk 
of  infected  cattle,  as  well  as  through  contact  with  the  c<mtents  of  the 
vesicles  in  the  mouths  or  upon  the  teats  of  the  diseased  animals.  Meat 
from  such  animals  does  not  appear  to  be  infwtious.  Xo  micnMirganiMm 
has  yet  been  demonstrated  to  be  responsible  for  this  disease,  and  while 
it  may  be  of  microbic  origin,  the  8pe<Mtic  cause  is  probably  too  small  to 
be  visible  through  the  microscope.  Animals  may  be  immunized  by  i 
vaccine  elaborated  by  Loettter.  The  milk  from  a  cow  suffering  from  this 
disease  is  yellowish  in  color,  of  a  nauseous,  bitter  taste.  The  oontagious 
principle  is  destroyed  by  heat,  but  the  flesh,  milk  and  milk  products  of 
animals  with  foot-and-mouth  disease  should  not  be  used  for  food.  Infants 
may  be  infected  from  diseased  cows  and  a  connection  has  been  suggested 
between  the  aphthous  stomatitis  of  children  and  foot-and-mouth  diseases 
in  cattle. 

(/)  FOODS  CONTAINING  OTHER  POISONS— Graix  Poisonino. — It  some- 
times happens  that  flesh  becomes  poisonous  from  the  animal  having  fed 
upon  some  noxious  substance  previous  to  being  slaughtered ;  for  instance, 
pigs  fed  upon  garbage  may  have  their  flesh  so  infected  as  to  cause  diar- 
rhea. It  is  a  well-known  fact,  mentioned  in  Volume  I,  Chapter  XII, 
when  discussing  animal  foods,  that  the  flavor  and  digestibility  of  game, 
and  even  fish,  varies  much  with  the  season  of  the  year  and  the  consequent 
nature  of  the  food  upon  which  the  animal  has  been  fed. 

It  is  a  prevalent  notion  that  oysters  are  not  wholesome  food  from  May 
1  until  September  1,  or  in  the  months  which  are  spelled  without  the  letter 
^'R."  This  is  to  a  certain  degree  correct  on  account  of  the  greater 
tendency  to  decomposition  in  warm  weather.  It  may  apply  even  to  the 
oyster  before  it  is  taken  from  the  water.  Danger  of  infection  of  typhoid 
would  obviously  extend  well  into  the  ^vnnter.  In  the  chapter  on  "Milk" 
we  mentioned  the  fact  that  cow's  milk  is  unwholesome  for  infant's  food 
when  the  cow  is  allowed  pasturage  in  which  certain  herbs  and  weeds 
grow  and  which  if  ingested  by  the  cow  will  contaminate  the  milk.  There 
are  onlv  a  few  instances  of  serious  illness  of  adults  caused  by  eating 
meat  which  became  poisoned  through  the  animals  having  eaten  noxious 


674  TOXIC    SUBSTANCES    OF    EDIBLE    FOODS 

foods  before  being  slaughtered.  There  is  a  case  on  record  in  which  a 
large  dose  of  tartar  emetic  was  administered  to  an  ox.  The  animal  died 
and  the  meat  subsequently  was  found  to  contain  enough  of  the  substance 
to  poison  severely  those  who  ate  it. 

In  Volume  I,  Chapter  XII,  "Animal  Foods,"  we  pointed  out  that 
the  reason  game  sometimes  disagrees  is  on  account  of  the  nature  of  the 
food  upon  which  the  animal  has  been  feeding.  This  is  particularly  true 
of  grouse  and  pheasants  in  various  parts  of  the  country  at  certain  seasons 
of  the  year.  The  laurel  buds  act  as  a  toxic  poison  which  penetrates  the 
flesh  of  fowl.  Likewise,  hares  that  feed  upon  the  rhododendron  are  poi- 
sonous. Thompson,  in  his  valuable  work  on  "Practical  Dietetics,'' 
records  a  curious  case  of  poisoning  which  occurred  in  a  young  ladies' 
boarding  school  at  Amherst,  Mass.  In  this  case  the  fowl  was  a  roast 
turkey  and  the  young  ladies  who  partook  of  the  flesh  of  this  fowl  showed 
symptoms  of  atropin  poisoning.  It  was  afterwards  ascertained  that  this 
bird  had  been  fed  largely  upon  deadly  nightshade  berries. 

Grain  poisoning  occurs  principally  from  old,  overripe  grain  and 
mouldy  flours  which  develop  poisons  from  the  decomposition  of  their 
gluten.  The  old  authors  usually  refer  to  three  forms  of  grain  poisoning : 
(a)  ergotism;  (h)  pellagra,  and  (c)  lathyrism.  These  diseases  are  found 
almost  exclusively  among  the  squalid  and  destitute.  The  effects  are 
principally  due  to  insufficient  nourishment  combined  with  the  specific 
poison  from  the  grain.  The  well  to  do  and  properly  nourished  are  prac- 
tically insusceptible  to  this  disease. 

SiTOToxisMus. — Sitotoxismus,  or  ergotism,  is  produced  by  a  fungus 
known  as  Claviceps  purpurea  which  grows  upon  rye.  The  history  of  this 
disease  is  interesting.  The  malady  described  in  the  twelfth  century  as 
"St.  Anthony's  fire,"  '^  was  at  a  later  date  diagnosed  as  grain  poisoning. 
It  is  not  the  author's  intention  to  take  time  to  describe  here  the  horrible 
epidemics  of  grain  poisoning  which  occurred  in  the  middle  ages.  Within 
recent  years  epidemics  have  occurred  in  Eussia.  The  symptoms  of 
ergotism  may  be  briefly  divided  into  two  groups,  one  of  the  gangrenous 
and  the  other  the  convulsive  type.  In  the  gangrenous  form  of  ergotism 
the  early  symptoms  are  principally  those  of  vasomotor  disturbances, 
affecting  principally  the  extremities.  There  will  be  marked  anesthesia, 
numbness,  prickling  pain  and  spasmodic  twitching  of  the  muscles,  with 
restricted  circulation.  In  the  convulsive  variety,  the  nervous  system  is 
profoundly  disturbed,  with  symptoms  of  lassitude,  headache,  spasms  of 
the  muscles  which  may  be  tetanic  in  character,  lasting  sometimes  through 

1  Usually  taken  to  mean  erysipelas. 
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many  days.  This  spasmodic  rigidity  of  the  miwclei*  i.w.v  give  place  to 
violent  convulsions  wliich  may  become  general  and  fatal.  Mental  dii- 
turbanccs  and  symptoms  of  cord  involvement  may  aupcrvcnc  The  di«- 
oaso  should  W  (litlcn^ntiatcd  fnuii  eri/thromrlahjia,  UnynatuVH  dUettHc,  or 
acrodynia,  whose  symptoms  it  simnhitcY.  Jiottger  lias  given  a  simple  test 
to  detect  ergotism  in  Hour.  A  small  quantity  of  flour  is  mixed  with 
otluT  and  a  few  crystals  of  oxalic  acid  are  abided.  The  mixture  is  then 
boiled  and  allowed  to  settle.  When  clear,  if  ergot  b  prescut,  a  red  tinge 
will  be  imparted  to  the  fluid. 

LupiNosis. — Lupinosis,  or  lathynsitiy  is  a  poisoning  due  to  chick- 
pea vetch,  which  is  sometimes  used  for  the  adulteration  of  the  flour  of 
various  cereals.  Poisoning  occurs  from  the  meal  ground  from  this 
chick-pea.  The  disease  was  noted  first  in  the  seventeenth  century,  when, 
durinir  the  wheat  famine  at  Allahabad,  the  inhabitants  used  this  chick- 
pea vetch  for  food  and  an  epidemic  followed.  It  was  ob8er\'ed  by  James 
Irving.  Lupinosis  is  a  rare  disease  and  little  is  known  of  its  exact  nature. 
The  poison  seems  to  affect  the  extremities,  producing  stiffness  of  the 
joints  simulating  spastic  paraplegia. 

Pellagra. — Po]lai»ra,  Mai/ldismus,  is  a  disease  of  the  highest  im- 
portance. It  is  endemic-epidemic  in  its  nature  and  for  nearly  two  hun- 
dred years  has  been  a  problem  of  paramount  importance  to  physicians 
and  publicists  in  southern  Europe.  Important  legislation  has  lieen 
enacted,  and  large  expenditures  of  both  money  and  talent  of  the  highest 
order  have  been  devoted  to  the  solution  of  the  problem  which  has  proved 
the  greatest  menace  to  public  health.  This  disease  has  prevailed  so 
extensively  where  corn  is  an  article  of  diet  that  it  has  been  ascribed  to 
a  fungus  growth  upon  mouldy  corn.  But  the  area  of  com  consumption 
is  now  known  to  be  wider  than  that  of  pellagra,  and  pellagra  is  found 
where  corn  is  not  an  ordinary  article  of  diet.  Recent  researches,  while 
they  have  added  many  facts  to  our  previous  knowledge  of  the  disease,  have 
left  its  exact  etiology  and  nature  still  unsettled.  The  United  States  was 
thought  to  be  free  from  this  disease,  but  within  the  last  ten  years  it  has 
been  reported  from  all  sections,  from  Maine  to  Florida  and  from  Vir- 
ginia to  California. 

Recent  investigations  have  been  made  into  the  etiology  and  pathologv 
of  pellagra  by  E.  M.  Purdue(5),  who  claims  that  pellagra  is  a  chronic 
intoxication  caused  by  colloidal  silica  in  drinking  water.  lie  asserts  that 
the  disease  is  strictly  localized  and  contracted  in  zones  where  the  water 
commonly  drunk  by  the  people  is  in  contact  with  an  argillaceous  terrain. 
According  to  his  theory,  pellagra  is  not  dependent  upon  com  alimenta- 
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tion  and  is  not  caused  by  infestation  with  filarial.  He  maintains  that 
it  is  not  a  parasitic  disease,  not  transmitted  by  the  ^'buffalo  gnat"  nor  by 
stomoxys  calcitrans.  Purdue's  views  have  not  been  corroborated  by 
scientific  research  and  are  given  herewith  to  show  the  views  of  one  who 
has  had  a  large  experience  with  pellagrins. 

From  a  careful  study  of  the  latest  literature  on  the  subject,  it  seems 
that  in  conditions  where  sodium  salts  are  constantly  ingested,  pellagra 
is  rare,  unless  the  amount  ingested  is  overbalanced  by  the  amount  excreted. 
It  appears  that  this  may  occur  under  vegetable  diet,  in  starvation,  dis- 
ease and  so  on.  It  also  appears  that  a  lack  of  sodium  salts  eventually 
interferes  with  the  excretion  of  purins,  allowing  them  to  accumulate  in 
the  blood  and  to  cause  irritations  similar  to  those  seen  in  pellagra. 
Diminution  of  the  sodium  salts,  we  know,  reduces  the  alkalinity  of  the 
blood  to  perhaps  the  point  of  acidity^  in  the  excretions  at  least,  and  this 
interferes  with  the  activity  of  the  oxidases  in  their  protective  function 
against  invading  organisms.  The  general  opinion  in  Europe  is  that 
pellagra  advanced  with  the  extensive  cultivation  of  corn  and  the  more 
general  adoption  of  this  new  cereal  as  an  article  of  food.  Stelwagon,  in 
his  work  on  skin  diseases,  says  the  majority  of  persons  who  contract 
pellagra  have  lived  for  years  mainly  on  a  vegetable  diet. 

All  pellagrins  are  vegetarians  almost  entirely  or  in  greater  part. 
There  exist  in  the  carbohydrate  foodstuffs  toxic  substances,  or  lack  of 
vital  substances,  which  when  the  foodstuffs  (themselves  not  necessarily 
spoiled)  are  consumed  over  a  more  or  less  long  period  of  time  produce 
injurious  effects  upon  the  organs  of  the  body.  All  physicians  of  large 
experience  in  the  treatment  of  pellagra  are  agreed  that  the  milder  cases 
improve  if  kept  in  a  hospital  at  rest  and  upon  a  fairly  liberal  diet,  with 
plenty  of  fresh  meat,  fresh  vegetables,  milk,  etc. 

The  Thompson-McFaddin  Pellagra  Commission  has  worked  in  Spar- 
tanburg County,  S.  C,  where  practically  all  pellagrins  are  cotton-mill 
hands  and  conditions  are  not  comparable  to  other  countries  where  the 
disease  is  just  as  prevalent.  Yet  they  came  to  these  conclusions:  (a)  the 
simulium  is  discredited;  (h)  animal  inoculation  and  experimental  study 
of  intestinal  bacteria  have  not  yielded  conclusive  results;  (c)  no  evidence 
of  inheritance  is  obtainable;  (d)  the  immediate  results  of  hygienic  and 
dietetic  treatment  in  adults  have  been  good,  but  after  returning  to  former 
conditions  of  environment  and  living,  most  of  these  cases  have  recurred. 
The  prognosis  in  children  is  very  much  more  favorable;  (e)  occAipation 
has  no  influence. 

Fischer (6),  Abderhalden(7),  Mendel (8)  and  Osborne(9)  have  shown 
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the  great  variation  in  composition  of  proteinB  in  regard  to  content  of 
various  amino  acida.  Certain  proteina  lack,  or  are  deficient  in,  oerUin 
amino  acids  necessary  for  growth  and  nniintenance.  All  pmteina  derived 
from  anunal  sources,  with  the  exc^^ption  of  gelatin*,  Mem  to  be  suitable 
for  human  consumption,  as  they  contain  all  the  necenary  oomponenU  in 
right  proportion.  Some  of  the  vegetable  proteins  are  deficient  in  thia 
rcspcx't,  notably  the  protein  of  corn,  hut  as  yet  it  has  not  been  sufficiently 
l)roved  that  corn  per  se  is  the  offending  or  caunative  agent 

Funk  points  out  that  vitamines  are  essential  for  the  maintenance  of 
the  health.  Animal  foods  and  vegetables  contain  these  in  varying 
amounts;  meats  are  especially  rich;  j)olished  rice  is  devoid  of  them. 
Funk  argues  that  pellagra  is  a  disease  due  to  the  lack  of  vitamines  in 
the  food,  analogous  to  the  production  of  beriberi  through  the  large  con- 
sumption of  polished  rice. 

By  permission  of  the  governor,  an  experiment  was  carried  out  at  the 
farm  of  the  Mississippi  State  Penitentiary  by  Surgeon  Joseph  Oold- 
berger  and  Assistant  Surgeon  G.  A.  Wheeler.^  This  experiment  waa 
undertaken  for  the  purpose  and  possibility  of  producing  pellagra  in 
healthy  human  white  adult  males  by  a  restricted,  one-sided,  mainly  car- 
bohydrate (cereal)  diet.  Governor  Earl  Brewer  oflFered  to  pardon  all  the 
convicts  who  would  volunteer  for  the  experiment.  They  were  assured 
that  they  would  receive  proper  care  throughout  the  experiment,  should  it 
be  necessary.  Of  the  eleven  convicts  who  volunteered  for  this  experi- 
ment, six  developed  a  typical  dermatitis  and  mild  gastro-intestinal  symp- 
toms. The  diet  given  was  bountiful  and  more  than  sufficient  to  sustain 
life.  It  differed  from  that  given  the  other  convicts  merely  in  the  absence 
of  meats,  milk,  eggs,  beans,  peas  and  similar  proteid  foods.  In  every 
other  particular  the  convicts  selected  for  the  experiment  were  treated 
exactly  as  were  the  remaining  convicts.  They  had  the  same  routine  work 
and  discipline,  the  same  periods  of  recreation  and  the  same  water  to 
drink.  Their  quarters  were  better  than  those  of  the  other  convicts.  The 
diet  given  them  consisted  of  biscuits,  fried  mush,  grits  and  brown  gravy, 
sirup,  corn  bread,  cabbage,  sweet  potatoes,  rice,  collards  and  coffee  with 
sugar.  This  is  the  usual  ration  of  the  poorer  classes  of  the  South.  All 
components  of  the  dietary  were  of  the  best  quality  and  were  properly 
cooked.  As  a  preliminary,  and  to  determine  if  the  convicts  were  afflicted 
wdth  any  other  disease,  they  were  kept  under  obsen'ation  from  Febru- 
ary 4  to  April  9,  1915,  two  and  a  half  months,  on  which  date  the  one- 
sided diet  was  begun. 

1  Of  the  United  States  Public  Hygienic  Laboratory. 
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Although  the  occurrence  of  nervous  symptoms  and  gastro-intestinal 
disturbances  was  noted  early,  it  was  not  until  September  12,  or  about 
five  months  after  the  beginning  of  the  restricted  diet,  that  the  skin 
symptoms  so  characteristic  of  pellagra  began  to  develop.  These  symp- 
toms are  considered  typical,  every  precaution  being  taken  to  make  sure 
that  they  were  not  caused  by  any  other  disease.  The  convicts  upon  whom 
the  experiment  was  being  made,  as  well  as  twenty  other  convicts  who 
were  selected  as  controls,  were  kept  under  continuous  medical  surveillance. 
'No  cases  of  pellagra  developed  in  camp  excepting  among  those  men  who 
were  on  the  restricted  diet.  In  this  experiment  Drs.  Goldberger  and 
Wheeler  were  able  to  produce  pellagra  in  six  of  the  prisoners,  who  were 
promptly  pardoned  and  afterward  restored  to  health  by  a  liberal  diet  of 
fresh  animal  and  leguminous  foods,  poultry,  eggs  and  milk.  The  experi- 
menters have  therefore  drawn  the  conclusion  that  pellagra  has  been  caused 
in  at  least  six  of  the  eleven  volunteers  as  a  result  of  the  one-sided  diet 
on  which  they  subsisted. 

This  announcement  by  an  officer  of  the  Public  Health  Service  (10) 
offers  the  first  insight  as  to  the  cause  and  cure  of  pellagra,  which  has 
been  increasing  alarmingly  throughout  the  United  States  during  the  past 
eight  years.  It  is  conservatively  estimated  that  75,000  cases  of  this 
disease  occurred  in  the  United  States  during  1915,  of  which  number  at 
least  7,500  died. 

We  are  of  the  opinion  that  pellagra  is  a  deficiency  disease  due  in 
part,  if  not  largely,  to  the  present  methods  of  milling  corn.  In  the 
olden  days  the  corn  was  ground  on  the  old-fashioned  buhr  millstone  and 
very  little  of  the  outer  husk  was  removed,  but  in  the  present  modem 
methods  of  milling,  the  meal  is  ground  fine  and  passed  through  a  very 
fine  bolting  cloth  which  practically  removes  all  of  the  pericarp  of  the 
grain.  Like  polished  rice,  the  corn  is  devitalized;  all  the  vitam- 
ines  of  the  grain  of  corn  are  removed  in  the  milling.  We  are  of  the 
firm  opinion  that  this  plays  an  important  role  in  the  causation  of  pellagra. 
We  will  leave  the  disease  as  one  due  to  deficiency  of  vitamines  in  the 
foodstuffs. 

As  a  rule,  pellagra  is  chronic,  beginning  in  the  spring  and  subsiding 
in  the  summer,  but  returning  with  greater  severity  the  following  spring. 
It  runs  on  year  after  year  until  the  patient  succumbs.  In  adults  the 
symptoms  begin  with  headache,  dizziness,  ringing  in  the  ears,  a  burning 
sensation  of  the  skin,  especially  in  the  hands  and  feet,  followed  by  diar- 
rhea; at  the  same  time  a  red  rash  appears  on  the  skin,  resembling  ery- 
sipelas, the  red  spots  being  tense  and  painful,  especially  when  exposed 
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to  the  sun.  When  the  spots  disappear  at  the  clouc  of  summer,  the  skin 
remains  roui^^li  and  dry.  The  tongue  will  present  a  red  and  dry  appear- 
ance. A  burning  feeling  in  the  month  is  complained  of,  and  more  or 
less  pain  on  swallowing.  Soon  the  nervous  system  shows  signs  of  involve- 
ment, first  by  ptosis  of  the  eyelids  aiul  dilatation  of  the  pupil,  and,  later, 
pigmentary  changes  are  observed  in  the  skin,  resembling  thoie  of  Addi- 
son's disease. 

Actinomycosis. — Actinomycosis  in  a  rare  disease  due  to  an  infection, 
not  by  bacterium,  but  by  a  fungus  calh'd  Sireplothrix  artinomyces.  The 
disease  is  comparatively  rare  in  America.  No  evidence  exists  to  prove 
that  it  has  been  transmitted  through  articles  of  diet,  but  cases  are  recorded 
where  the  infection  has  been  traced  to  barley  sheatlis.  Prof.  W.  H. 
Tliompson(ll)  reports  the  case  of  a  farmer  who  nuiintained  to  his  physi- 
cian that  the  disease  in  his  case  was  caused  from  inhalation  of  musty 
dust  while  he  was  winnowing  oats  in  his  barn.  The  early  symptoms  of 
many  cases  begin  in  the  lungs  and  may  infect  the  whole  system,  includ- 
ing, according  to  some  reports,  even  the  brain.  Abscesses  may  occur  in 
bone,  while  others  invade  such  organs  as  the  liver  and  spleen.  When,  as 
is  often  the  case,  the  mycelium  first  develops  in  the  mouth,  it  may  attack 
the  jaw,  forming  a  tumor  closely  resembling  a  sarcoma. 

Beriberi. — Beriberi,  or  haklce,  is  a  curious  disease  which  is  both 
epidemic  and  endemic  on  the  eastern  coast  of  the  Asiatic  continent.  It 
also  prevails  among  the  Chinese  in  California.  According  to  Manson, 
up  to  1883,  "over  one-fourth  of  the  entire  number  of  Japanese  sailors 
w^ere  affected  with  this  disease.  In  1883  there  were  236  cases  among 
5,349  men.  The  following  year  a  more  liberal  allowance  of  nitrogenous 
food  was  added  to  the  diet  and  the  following  year  only  41  cases  were 
reported.  In  the  year  1887  the  disease  had  been  completely  driven  out 
of  the  Japanese  Navy."  It  has  been  firmly  established  that  beriberi  is 
largely  confined  to  countries  whose  chief  food  is  rice.  It  is  not  beyond 
the  possibility,  though,  that  if  white  bread  w^ere  used  in  America  to  the 
extent  that  the  Japanese  use  rice,  beril)eri  would  appear  in  this  country. 
The  reduction  of  beriberi  in  the  Japanese  Navy  by  the  addition  of  meat 
to  the  dietary  was  followed  by  the  discovery  that  the  disease  is  restricted 
to  people  using  polished  rice  as  the  principal  constituent  of  their  diet 
The  main  s\anptoms  of  the  disease  are  emaciation,  with  widespread 
edema,  paralysis,  muscular  atrophies  and  contractures  of  the  extremities; 
sometimes  there  is  a  cardiac  breakdown.  All  stiiges  of  degeneration  are 
found  in  the  peripheral  nerves. 

Following  the  discoveries  that  beriberi  is  largely  caused  by  eating  pol- 
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ished  rice,  investigators  made  some  experiments  by  feeding  fowls  on 
polished  rice  exclusively.  A  fowl  fed  on  this  diet  shows  anorexia  and 
great  loss  of  weight,  as  much  as  45  per  cent.  After  one  to  six  weeks, 
acute  symptoms  come  on,  consisting  chiefly  of  paralysis  of  the  legs  and 
wings.  'None  of  these  results  follow  where  fowls  are  fed  on  unpolished 
rice  as  the  sole  food. 

Eykmann,  in  an  exhaustive  research  on  beriberi,  has  been  able  to 
show  that  the  addition  of  rice  polishings  (pericarp  or  rice  paste)  to  the 
polished  rice  prevented  the  appearance  of  the  disease.  Finally,  a  curative 
substance  not  a  protein,  or  a  carbohydrate,  or  a  fat,  or  an  inorganic  salt, 
was  extracted  from  the  rice  polishings.  Grijns,  later,  showed  that  similar 
curative  substances  were  obtainable  from  beans,  meat  and  yeast.  Finally, 
Casimir  Funk  extracted  from  rice  polishings  a  crystalline  curative  sub- 
stance which  he  calls  vitamine.  This  remarkable  substance  exists  in 
exceedingly  minute  quantity  and  may  act  like  enzymes,  catalytically 
changing  a  large  amount  of  food.  Vitamines  are  found  in  the  outer 
layers  of  grains,  but  not  in  the  starchy  center,  thus  accounting  for  beri- 
beri after  the  use  of  polished  rice  and  for  pellagra  in  those  whose  diet  is 
composed  largely  of  finely  milled  grain  meal.  These  vitamines  seem  to 
be  destroyed  in  many  corned,  picked  or  dried  foods,  thus  accounting  for 
scurvy.  Kecent  researches  have  demonstrated  the  fact  that  they  exist 
largely  in  all  of  the  natural  foods — milk,  eggs,  meat — and  to  a  less 
extent  in  yeast,  fresh  fruits  and  uncooked  vegetables,  particularly  pota- 
toes, whose  juice  is  so  effective  in  scurvy.  This  subject  opens  up  a  new 
field.  Undoubtedly  the  question  of  the  causation  and  prevention  of 
beriberi  will  be  settled  beyond  doubt  in  the  very  near  future.  The 
reader  may  be  referred  to  Volume  II,  Chapter  VII,  for  further  informa- 
tion on  the  subject  of  vitamines,  and  also  to  Volume  III,  Chapter  XVII. 

AviTAMiNOSES. — Avitaminoses,  according  to  H.  Stassano(12),  are 
diseases  resulting  from  a  deficiency  of  vitamines  in  the  diet.  The  vitam- 
ines are  complex  crystalline  substances  belonging  to  a  chemical  group 
hitherto  unknown.  The  nitrogen  is  not  combined  in  the  amin  radicle 
and  can  be  extracted  only  in  part  by  the  Kjeldahl  method.  The  charac- 
teristic syndromes  of  the  avitaminoses  are  classified  as  follows:  (a)  the 
syndrome  of  degeneration  of  nerves  with  paralyses  and  contractures; 
(h)  the  cardiac  syndrome  with  dilatation  of  the  right  heart,  accompanied 
by  dyspnea,  cyanosis  and  oliguria,  and  (c)  the  syndrome  of  anasarca, 
hydropericardium,  hydrothorax  and  ascites;  all  of  these  three  syndromes 
belong  to  the  group  of  cases  properly  called  beriberi;  (d)  the  classical 
syndrome  of  scorbutus,  and  (e)  the  syndrome  of  pellagra.     In  all  of  the 
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above  conditions  tlio  following  artieleu  of  diet  which  are  rich  in  vitaniinca 
have  been  found  to  be  of  curative  as  well  aa  of  prophylactic  value: 
human  milk,  fresh  cow's  milk,  butter,  choenc,  yolk  of  egg,  beef  juice, 
fresh  tomatoes,  fresh  legumes  and  soups  containing  them,  freuh  fruibi  or 
their  juices,  the  sauce  of  stewed  fruitii,  whole  corn  of  wheat  bn*ad,  un- 
polished riee,  sli«rl,tly  roasted  beef,  freah  yeaat,  extracta  and  preparations 
of  yeast  and  cod  liver  oil. 

ig)  ADULTERATED  F(X)DS.— Tho  adulteration  of  food  is  a  tubjoct  of 
great  importance  and  covers  such  a  wide  scope  that  it  can  be  only  cur- 
sorily mentioned (i:])  {see  Bibliography  at  end  of  this  cliaptcr).  Tho 
subject  is  one  of  such  great  importance  to  the  (xmununity  at  large  that 
the  Federal  Government,  on  June  30,  1900,  enacted  legal  restrictions 
to  insure  the  proper  inspection,  regulation  and  sale  of  ffKKlstuffs.  The 
Federal  Food  and  Drugs  Act,  usually  referred  to  as  **Tho  I'ure  F^kkI 
Law,"  and  on  which  subsequent  legislation  by  most  of  the  statca  has  lKH?n 
largely  based,  defines  the  main  types  of  adulteration.  Acc<jrding  to  this 
law,  a  food  is  deemed  adulterated; 

(a)  If  any  substance  has  been  mixed  or  packeci  with  it  so  as  to  re<luce  or 
lower  or  injuriously  aflfect*  its  quality  or  strength. 

(b)  If  any  substance  has  been  substituted,  wholly  or  in  part. 

(c)  If  any  valuable  constituent  has  been  wholly  or  in  part  abstracted. 

(d)  If  it  be  mixed,  colored,  coated,  powdered,  or  stained  in  a  manner  whereby 
damage  or  inferiority  is  concealed. 

(e)  If  it  contain  any  added  poisonous  or  other  added  deleterious  ingredient 
which  may  render  it  injurious  to  health. 

(f )  If  it  consists  in  whole  or  in  part  of  a  filthy,  decomposed,  or  patrid  animal 
or  vegetable  substance,  or  any  portion  of  an  animal  unfit  for  food,  or  if  it  be 
the  product  of  a  diseased  animal  or  one  that  has  died  otherwise  than  by  slaughter. 


This  law  also  deems  a  food  to  be  misbranded 


.  1 


(a)  If  it  be  an  imitation  of  or  offered  for  sale  under  the  distinctive  name  of 
another  article. 

(b)  If  it  be  labeled  or  branded  so  as  to  deceive  or  mislead  the  pnrehaser,  or 
purport  to  be  a  foreign  product  when  not  so,  or  if  the  contents  shall  have  lieen 
substituted  in  whole  or  in  part,  or  if  it  fail  to  bear  a  statement  on  the  label  of 
the  quantity  or  proportion  of  any  narcotic  or  habit-forming  drug  which  it  con- 
tains. 

(c)  If,  when  sold  in  package  form  it  fails  to  bear  a  correct  statement  of  weight, 
measure,  or  numerical  count  of  its  contents;  pronsion  being  made  for  reasonable 
variations  and  for  certain  exemptions. 


1  See  Food  and  Drugs  Act,  June  30,  1006,  as  amondod  .\u«nist  23,  1012,  for  fuller 
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(d)  If  the  package  containing  it  or  its  label  shall  bear  any  statement,  design, 
or  device  which  is  false  or  misleading  in  any  particular. 

Adulterants. — ^Among  the  common  food  adulterations  may  be  men- 
tioned the  following:  isinglass  adulterated  with  gelatin;  powdered  sugar 
with  barium  sulphate ;  mustard  with  flour  and  turmeric ;  distilled  colored 
vinegar  sold  as  cider  vinegar;  pickles  adulter'ated  with  iron  and  copper; 
oleomargarin  sold  as  butter;  ground  spices  adulterated  with  cocoanut 
shells,  rice,  flour  and  ashes;  water,  sugar  and  tartaric  acid  sold  as 
lemonade. 

Alcoholic  beverages  are  sometimes  adulterated  with  alum,  baryta, 
caustic  lime,  salts  of  lead,  salicylic  acid  and  various  pigments.  Wood 
or  methyl  alcohol  is  sometimes  substituted  for  grain  or  ethyl  alcohol. 
Wood  alcohol  is  a  very  dangerous  adulterant.  Blindness  and  even  death 
have  followed  its  use.  A  large  quantity  of  ethyl  alcohol  may  be  taken 
day  after  day  without  causing  death,  whereas  repeated  large  doses  of 
methyl  alcohol  will  speedily  cause  death.  Adulterated  alcoholic  liquors 
contain  fusel  oil,  tannin,  logwood,  water,  coloring  matter  and  burnt  sugar. 
Various  grades  of  cheap  whiskey  and  brandy  are  manufactured  by  unscru- 
pulous rectifiers  by  mixing  alcohol,  coloring  matter  and  flavoring  extracts. 
An  imitation  of  gin  is  frequently  made  from  cheap  spirits,  turpentine, 
sugar  and  water. 

The  Adulteration  of  Malt  Liquors. — Adulterated  beer  may  con- 
tain burnt  sugar,  licorice,  molasses,  quassia,  coriander  and  caraway  seed, 
cayenne  pepper,  soda,  salicylic  acid,  salt,  carbonic  acid,  artificially  intro- 
duced grains  other  than  barley,  glycerin,  glucose,  tobacco  and  Cocculus 
tndicus.  Crampton  detected  the  presence  of  salicylic  acid  in  more  tha»n 
30  per  cent  of  the  samples  of  bottled  beer  which  were  brought  to  him 
for  examination.  He  did  not,  however,  find  salicylic  acid  in  draft  beer. 
Sulphurous  acid  is  one  of  the  oldest  preservatives.  Its  use  is  forbidden 
in  both  France  and  Germany,  where  the  use  of  borax  is  likewise  forbidden. 
In  this  country,  borax  and  sodium  bicarbonate  are  used  in  beer  to  correct 
acidity  caused  by  careless  and  improper  brewing,  as  well  as  to  increase 
the  carbonic  acid  content.  Many  of  the  so-called  liquid  malt  extracts 
are  nothing  more  or  less  than  beers,  since  they  have  very  little  or  no 
diastasic  action  and  possess  no  special  food  value,  nor  do  they  offer  any 
aid  in  the  digestive  processes.  Some  of  this  class  of  malt  liquors  are 
adulterated  and  harmful. 

The  Adulteration  of  Wine. — Wine  is  sophisticated  by  the  addition 
of  various  substances,  usually  added  as  preservatives.     Chief  among  these 
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preservatives  is  salicylic  acid.  I;>  u  .  :  i  ,:  utm  m  Inuiff-  uini  (for- 
mally. Wine  is  also  adulterati'.l  l.\  ...ll.i.-  -n^ar,  Kiiiiiiiiy  «iiUtiiiKM»H, 
coloring  matters,  salicylic  acid  and  mineral  ncidH  an  prtinervativot.  In 
the  \vi no-growing  districts  of  Franco  wine  is  fre<iurnt!y  "plaHtcred"  by 
the  addition  of  calcinm  snlphate.  Ah  j)ointed  out  by  Oampton,  **lbe 
sulphuric  acid  of  the  lime  salts  replaces  tlie  tartaric  acid  which  ia  com- 
bined with  potash  and  forms  an  acid  sulphate  of  potash,  while  the  tartaric 
acid  separates  out  as  a  tartrate  of  lime." 

Ai>i  LTKRATioN  OF  LiQi  Krus. — Liijueurs  are  frecpiently  adulterated 
and  imitated,  so  that  many  of  them  contain  injurious  coloring  matter. 
^laraschino  and  crrMuo  de  incnthe  are  often  colored  with  auiliu  dye«  and 
sometimes  contain  a  large  amount  of  coloring  matter. 

Adulteration  of  Beverages. — The  provisions  of  the  present  Pure 
Food  Law  are  so  drastic  that  teas  imported  into  the  United  States  at 
present  are  practically  free  from  adulteration.  Tea  is  usually  adulterated 
by  mixing  exhausted  or  foreign  leaves  with  the  tea  leaves.  "Facing" 
consists  in  treating  the  tea  leaves  with  plumbago,  indigo,  or  Pniaaian 
blue,  the  object  being  to  make  an  inferior  tea  resemble  a  better  product. 
The  adulteration,  while  not  very  injurious,  is  easily  detected  (see  Tea, 
page  540). 

Green  and  roasted  coffee  may  be  imitated.  An  inferior  grade  of 
coffee  is  frequently  branded  and  sold  as  a  better  article.  Roasted  coffee 
may  be  adulterated  with  caramel,  chicory,  pea  meal,  etc.  Even  coffeo 
berries  are  artificially  made  in  moulds  out  of  mixtures  of  starch,  molasses, 
or  caramel,  chicory,  etc.   (see  Coffee,  page  545). 

Cocoa  is  frequently  adulterated  by  the  addition  of  starch,  sugar, 
brick  dust,  coloring  matter  and  flavoring  materials.  The  cocoa  butter 
may  be  extracted  and  tallow  or  other  fats  substituted. 

Adulteration  of  Foodstuffs. — Breads  fortunately,  is  a  food  prod- 
uct which  cannot  be  very  easily  adulterated  without  detection,  but  the 
use  of  inferior  flour  in  breadmaking  is  well  known. 

Butter  may  be  adulterated  with  oleomargarin,  lard,  cotton-seed  oil,  beef 
tallow  and  olive  oil.  Butter  and  oleomargarin  have  about  the  same  compo- 
sition and  both  possess  about  equal  food  value.  The  flavor  of  genuine 
butter,  however,  is  not  to  be  compared  with  its  substitute.  Lard  is  fre- 
quently adulterated  with  cotton-seed  oil  and  water,  but  the  adulterants 
are  usually  harmless. 

Olive  oil  is  frequently  adulterated  wnth  cotton-seed  oil;  in  fact,  the 
latter  is  often  sold  as  olive  oil.  ^lost  of  the  maple  syrup  sold  is  m.ndc 
from  glucose.     INfaple  syrup  is  also  derivp<l  fn^m  other  sugars  artifioiMlIy 
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flavored  with  extracts  of  hickory  hark.  Nearly  half  of  the  strained  honey 
sold  is  adulterated  with  glucose.  Genuine  comb  honey  cannot  be  adul- 
terated, since  it  cannot  be  made  other  than  by  the  honey  bee  {see  Honey, 
page  628). 

Baking  powders  are  adulterated  with  alum  in  place  of  cream  of  tartar. 

Canning  of  Foods. — Canned  meat  is  now  put  up  in  large  quantities. 
In  many  of  the  large  packing  houses,  often  all  the  meat  of  the  fore 
quarter  and  the  cheaper  cuts  of  the  hind  quarter  are  canned.  There  is 
a  tendency  to  use  the  leaner  carcasses  for  canning,  both  because  the  fat 
beef  can  be  sold  at  better  prices  in  the  fresh  state  and  because  the  leaner 
meats  are  more  attractive  than  the  fat  meats  when  canned. 

Canning  of  vegetables  is  an  important  and  extensive  industry  in  this 
country.  The  principle  depends  on  the  sterilization  of  the  product  by 
heat  and  then  protecting  it  in  hermetically  sealed  vessels  from  coming 
in  contact  with  the  germ-laden  atmosphere. 

Chemical  preservatives  are  not  generally  used  in  the  canning  of  fruits, 
although  they  are  used  in  the  canning  of  vegetables.  Copper  and  zinc 
are  used  extensively  to  add  color  to  green  peas.  Lead,  tin  and  zinc  may 
be  present  as  a  result  of  unintentional  contamination.  Lead  may  gain 
entrance  from  the  solder,  which  is  frequently  used  in  large  quantities. 
Preservatives,  such  as  sulphurous  acid,  salicylic  acid,  boric  acid,  etc.,  are 
frequently  added  to  canned  foods.  Canned  products  of  the  United  States 
in  1909  were  valued  at  $157,101,000. 

Adulteration  of  jams,  jellies  and  preserves  is  a  subject  which  should 
be  mentioned  at  this  point.  These  food  products  are  sometimes  adul- 
terated by  supplying  the  deficiency  in  pectose  bodies  by  the  addition  of 
some  foreign  substance  to  gelatinize  and  thus  improve  the  appearance  of 
the  product.  Agar-agar,  gelatin,  turnip,  vegetable  marrow,  boiled  sago, 
and  similar  substances  have  been  used.  The  use  of  apple  pulp  or  goose- 
berry pulp,  both  of  which  are  rich  in  pectin,  is  not  so  serious  an  adul- 
teration as  the  replacement  of  one  fruit  juice  by  another.  Another 
adulteration  is  the  addition  of  coloring  matter,  very  often  an  anilin  color, 
to  correct  any  lack  of  genuine  ripe  fruit  color. 

Preservatives. — Preservatives  in  many  countries  are  forbidden  by 
law.  Borax  and  boric  acid  are  the  most  frequent  combination.  These 
substances,  together  with  sulphurous  acid,  sulphites  and  sulphates, 
salicylic  acid,  benzoic  acid  and  formaldehyde,  are  most  frequently 
employed. 

It  may  be  safely  stated  that  the  addition  of  any  chemical  preservative 
to  food  is  not  only  undesirable,  but  more  or  less  injurious.     Borax  and 
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boric  acid  may,  however,  find  tlicir  proper  uue  in  preserving  meats,  sucli 
as  hams.  Time  and  experience  has  proved  that  meat  sprinkled  with 
borax  and  boric  acid  docs  not  beoomo  Mlimy.  The  Gennan  Oovernment 
lias  expressly  forbidden  the  use  of  nuch  chemiciils  on  meats.  Wiloy(14) 
concludes,  as  a  result  of  his  experiin<MitH,  thut  l)oric  acid  and  borax  shouhi 
not  be  used  for  this  purpose,  except  where  preser\'ntion  is  a  necessity,  and 
that  articles  containinn;  lK)ric  acid  <»r  liorax  should  bo  so  hilielled.  **It 
appears,  therefore,  that  lK)ric  acid  and  borax,  when  oontinnouMly  admin- 
istered in  small  doses  for  a  long  periiMl,  or  when  given  in  large  doses  for 
a  short  period,  cause  disturbances  of  :ip|>etite,  of  digcntion  and  of  health." 

Harrington (15),  in  discussing  tlir  ill  effects  of  boric  acid  on  the  human 
economy,  states  that  in  his  opinion  l)uric  acid  may  be  the  direct  cause  of 
subacute  and  chronic  nephritis;  therefore  it  would  appear  that  individuals 
suffering  from  Bright's  disease  would  l:>e  taking  chances  in  eating  fruita 
preserved  with  borax  or  boric  acid. 

Salicylic  acid  is  widely  used  as  a  food  preservative,  especially  in  beer, 
malt  extracts,  preserved  fruit  and  the  like.  Its  action  inhibits  digestion 
and  exerts  an  irritating  action  upon  the  kidneys  and  bladder.  Food 
preserved  with  salicylic  acid  is  highly  injurious  in  cases  of  Bright's 
disease. 

Formaldelnjd  is  used  to  some  extent  for  the  prescn-ation  of  milk. 
In  general,  its  action  as  a  preservative  is  both  undesirable  and  dangerous. 

Sulphurous  acid  is  used  to  some  extent  for  preserving  wines.  It  has 
been  used  for  preserving  color  in  dried  fruits. 

Sulphite  and  hisutphafe  of  sodium  are  used  for  presenting  all  sorts 
of  foods.  The  latter  is  largely  used  for  preserving  the  color  of  meats, 
but  their  use  is  regarded  as  more  or  less  dangerous. 

Both  tin  and  lead  poisoning  may  occur  from  the  prolonged  use  of 
preserved  meats,  vegetables  or  fruits.  These  foods  are  u.Hually  preserx-ed 
in  tin  cans.  The  lead  derived  from  the  can  by  the  various  organic  acids 
upon  the  solder  (which  in  this  country  is  50  per  cent  lead)  and  the  tin 
used  for  the  inside  of  the  can  are  eventually  dissolved  by  the  organic 

acids  in  the  food. 

Copper  is  frequently  added  for  the  purp..>.^  -f  coloring  the  vegeUble 
or  it  may  gain  entrance  to  the  foods  from  the  use  of  copper  or  braaa 

kettles. 

Nichel  is  used  in  canning  green  peas  to  augment  their  color,  and  it 
may  be  found  in  food  cooked  in  nickel  vessels.  In  the  latter  event  the 
amount  is  small  and  may  practically  be  disregarded. 

Zinc  is  found  at  times  in  food,  especially  in  dried  apples,  particu- 
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larly  when  the  same  are  evaporated  on  galvanized  iron  racks.  Zinc  may 
also  enter  the  food  from  certain  kinds  of  solder. 

Arsenic  may  be  introduced  in  the  food  in  various  ways.  It  is  found 
more  particularly  in  malt  liquors,  such  as  beer,  malt  extracts,  syrups  and 
foods  containing  glucose  and  vinegar. 

The  following  table,  compiled  by  Professor  Sharpless(16),  gives  the 
articles  of  food  likely  to  be  adulterated,  and  shows  the  deleterious,  fraudu- 
lent and  accidental  adulterants: 

FOODS  AND  THEIR  ADULTERANTS 


Articles 


Deleterious 
Adulterants 


Fraudulent 
Adulterants 


Accidental 
Adulterants 


Arrow-root 


Brandy. 
Bread. . 


Butter 


Sulphate  of  Alum . 


Copper. 


Canned     Vegeta- 
bles and  meat 

Cheese 


Salts    of    Copper, 
Lead 


Other  starches  which  are  sub 
stituted  in  whole  or  in  part 
for  the  genuine  article 

Water,  burnt  Sugar 

Flours,  other  than  Wheat,  in 
ferior  Flour,  Potatoes 

Water,  other  Fats,  excess  of 

Salts,  Starch 
Excess  of  Water 


Candy  and  Con- 
fectionery 

Coffee 


Salts  of  Mercury  Oleomargarm 

in  the  Rind 
Poisonous  Colors,  Grape  Sugar 

Artificial  Es 


Ashes  from  oven, 
grit  from  mill- 
stones 

Curd 

Meat  damaged  in 
the  process  of 
canning 


Flour 


sences 


Cocoa  and  Choc- 
olate 

Cayenne  Pepper, . 


Flour.  . 
Ginger. 


Oxid  of  Iron  and 
other  Coloring 
Matters 

Red  Lead 


Alum. 


Gin. . . . 
Honey 


Alirni  Salt,  Spirit 
of  Turpentine 


Chicory,  Peas,  Rye,  Beans, 
Acorns,  Chebus-nuts,  Al- 
mond or  other  Nut-shells, 
Burnt  Sugar,  Low-grade 
Coffees 

Animal  Fats,  Starch,  Flour 
and  Sugar 

Ground  Rice  Flour,  Salt,  Ship- 
bread,  Indian  Meal 

Ground  Rice 

Turmeric,  Cayenne  Pepper 
Mustard,  inferior  varieties 
of  Ginger 

Water,  Sugar 

Glucose,  Cane-sugar 


Oxid  of  Iron 
Grit  and  sand 


Pollen  of  various 
plants  and  in- 
sects 
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FOODS  AND  THEIR  ADULTERANTS-CofKinudrf 


Articles 


Isinglass. 
Lard. . .  . 


Mustard. 


Milk. 
Meat. 


Horse  Radish. 
Fruit  Jellies. .  . 


Oatmeal. 
Pickles. . 


Preserves. 
Pepper. . . 


Sago. 
Rum. 


Sugar. 


Spices 

Cloves . .  . . 
Cinnamon. 
Pimento..  . 
Tea 


Vinegar , 
Wine 


Deleterious 
Adulterants 


Caustic  Lime, 
Alum 

Chromato  of  Ix*ad, 
Sulphate*  of  Lime 

Water 

Infested  with  Para- 
sites 


Fnmduleni 
Adultermnta 


Aeeidflotal 
AduHcnato 


Anilin  Colors,  Ar- 
tificial Essences 


Salts    or   Copper, 

Alum 
Anilin  Colors 


Cayenne  Pepper, 
Artificial  Es- 
sences 

Salts  of  Tin  and 
Lead,  Gypsum 


(tolatin 

SUirch,  Stearin,  Salt 

Yellow  I^c8,  Flour,  Turmer- 
ic, Cayenne  Pepper 

Burnt  Sugar.  Annatto 


Turnip 


Apples,  Pumpkins,  MolaawB. 
Flour,     Shipbrcad, 

Meal 
Potato  Starch 
Water 


Sulphuric  Hydro- 
chloric and  Py- 
roligenous  Acids 

Anilin  Colors  and 
Crude  Brandy 


Rice  Flour. 


Flour,  Starches 

Arrow  Root 

Spent  Bark 

Ship  Bread 

Foreign  Leaves,  spent  Tea, 
Plumbago,  Gum,  Indigo, 
Prussian  Blue,  China  Clay, 
Soapstone,  Gjiwum 


Sand,  dirt 
Tainted 


Old  and  wormy 
Sand 

Burnt  Sugar 


Sand  and  dirt,  in- 
sects dead  and 
alive 


Ferruginous  Earth 


Water. 


Sulphate  of  Potaa- 
stum 


(h)  FOODS  CONTAINING  MICRO-ORGANISMS.— During  the  past  decade, 
careful  investigation  and  research  have  demonstrated,  beyond  doubt,  the 
fact  that  certain  foods  containing  micro-organisms  are  the  means  of  con- 
veying the  germs  of  various  infectious  diseases. 

Milk. — Milk  is  an  admirable  -culture  medium  for  a  great  variety  of 
germs  and  bacilli,  like  those  of  typhoid  fever  and  tuberculoeis.  These 
thrive  particularly  well  in  milk,  due  to  its  abundant  and  varied  protein 
material  which  furnishes  substances  out  of  uln.'h  develop  powrfn]  t..xins 
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for  absorption.  The  principal  diseases  whose  germs  are  capable  of  being 
transmitted  through  milk  are  tuberculosis,  typhoid  fever,  cholera,  diph- 
theria and  scarlet  fever.  Milk  containing  these  germs  is  usually  pro- 
duced by  careless  dairy  men.  {See  section  on  Milk,  Volume  I,  Chapter 
XII,  for  details  as  to  the  proper  care  of  milk  production.) 

Tuberculous  milk  infection  has  been  a  theme  which  has  received  much 
attention  of  late  years.  The  matter  is  of  special  importance  in  regard  to 
the  danger  of  conveying  tuberculosis  to  infants  through  raw  milk.  That 
this  has  happened  is  beyond  question.  Milk  infected  with  tubercle  bacilli, 
when  fed  to  animals,  has  been  shown  to  produce  primary  intestinal  and 
mesenteric  tuberculosis,  and  therefore  its  danger  to  infants  is  apparent. 
Tubercle  bacilli  may  find  their  way  into  the  milk  from  the  tuberculous 
gland  or  udder.  It  should  be  borne  in  mind,  however,  that  milk  from 
a  tuberculous  cow,  even  if  it  does  not  cause  disease  directly,  is  apt  to  be 
poor  in  quality  and  undesirable  for  food.  As  a  means  of  safeguarding 
the  public,  dairy  herds  are  regularly  inspected  for  tuberculosis.  When 
cows  are  found  to  be  tuberculous  they  are  ordered  to  be  slaughtered. 
Notwithstanding  these  precautions,  milk  is  still  produced  from  tubercu- 
lous cows,  and  among  infants  who  live  largely  upon  raw  milk,  and 
whose  gastric  digestion  is  less  vigorous  than  that  of  adults,  mesenteric 
tuberculosis  is  relatively  more  common. 

Tuberculous  meat  usually  proves  less  virulent  than  raw  milk,  for  the 
reason  that  it  is  subjected  to.  thorough  heat  in  cooking.  This  does  not 
kill  all  the  bacilli,  however,  so  that  tuberculous  meat  should  not  under 
any  circumstances  be  consumed  for  food.  This  fact  is  now  generally 
appreciated  by  the  public.  Meat  inspection  by  federal  officers  and  abat- 
toirs is  now  much  better  regulated  by  law  and  supervised  by  local  health 
boards  than  formerly.  As  a  safeguard,  all  meat  offered  for  sale  should 
be  slaughtered  in  public  abattoirs  under  competent  governmental  inspec- 
tion. Not  only  should  the  animals  be  examined  before  killing,  but  the 
carcass  should  be  carefully  inspected  after  slaughtering. 

We  have  stated  elsewhere  that  meat  from  animals  dead  of  various 
acute  diseases,  although  it  does  not  form  a  wholesome  food,  is  sometimes 
eaten,  and,  if  well  cooked,  may  be  harmless.  No  part  of  any  animal 
suffering  from  the  foot-and-mouth  disease,  rabies,  glanders,  actinomycosis, 
anthrax,  septicemia,  swine  plague,  sheep  or  cow  pox,  pneumonia,  trich- 
iniasis  or  tuberculosis  should  ever  be  consumed  as  food  by  human  beings. 

Diarrheal  diseases  are  commonest  in  the  warm  months.  Ninety-seven 
per  cent  of  the  cases  that  occur  in  children  are  in  bottle-fed  babies. 
Where  milk  is  pure  and  where  proper  care  has  been  observed  in  trans- 
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mission  from  the  dairy  to  tlio  con^umor,  Ihi;  ilj^aM:  m  r.irti.     Tli«e  dU- 
eases  may  ho  produced  by  toxins  i^LMieratcd  in  tUe  milk  by  the  bH'-*"*-:" 
or  by  the  bacteria  themselves  introduced  into  the  intctitinnl  tract. 

Diphtheria  hariUi  may  find  their  way  into  milk  frt)m  the  milker,  who 
may  have  the  disease  in  a  mild  form,  or  from  mil»o<|uent  contamination. 
A  number  of  epidemics  have  l)ecn  tracwl  to  this  oripn  of  infected  milk. 

Scarlet  fever  epidemics  have  occurred  as  a  result  of  milk  infection ; 
they  have  usually  been  traced  to  a  case  of  the  disease  in  a  milknr^H  family. 
Kober  has  tabulated  100  scarlet  fever  epidemics  of  milk,  truci'ahlc  chietiy 
to  persons  employed  at  the  dairy,  or  from  infecteci  iMtles  or  milk  catiB 
used  in  families  where  the  disease  prevailed  or  to  employees  handling 
milk  while  suffering  from  the  disease. 

Typhoid  fever  has  been  traced  to  infected  milk  supply,  and  too  much 
stress  cannot  be  laid  on  the  importance  of  investigating  dairy  farms  as 
a  source  of  typhoid  fever  epidemics.  Kol)er  tabulated  li»5  epidemics  of 
this  disease  due  to  milk  infected  with  the  typhoid  bacilli. 

Infection  by  Oysters. — Typhoid  fever  epidemics  have  been  traced 
to  infected  oysters,  usually  grown  very  near  tlie  outlet  of  a  sewer.  In 
N^ew  Haven,  some  years  ago,  thirty  students  were  infected  with  typhoid 
fever  from  eating  raw  oysters  supplied  by  a  dealer  who  made  a  practice 
of  placing  fresh  oysters  in  the  river  for  a  few  days  after  receiving  them. 
The  report  of  this  epidemic  was  made  by  Conn(l7),  who  found  that  all 
the  oysters  eaten  at  this  college  society  supper  had  come  from  one  dealer 
who  had  obtained  all  of  them  from  one  oyster  grower.  At  three  of  these 
suppers  raw  oysters  were  served,  and  all  of  the  thirty  victims  who  had 
partaken  of  the  oysters  in  this  condition  were  attacked  by  the  disease. 
The  oyster  grower  admitted  that  his  daughter  had  been  ill  of  typhoid 
fever  and  it  had  been  his  habit  to  place  the  oysters  temporarily  in  the 
river  at  a  point  near  the  place  where  a  short  drain  from  his  house  dis- 
charged into  the  stream.  The  water  became  infected  by  the  flow  of  the 
drain  leading  from  his  house.  In  time  the  surrounding  water  became 
infected  by  the  flow,  and  when  the  oysters  were  taken  up  the  shell  out- 
side and  inside  contained  the  germs  of  typhoid.  The  raw  oysters  used 
at  the  students'  dinners  contained  the  typhoid  poi8<in.  It  has  been  gen- 
erally believed  that  typhoid  bacilli  do  not  develop  in  salt  water,  but  cir- 
cumstantial evidence  points  strongly  to  their  having  existed  in  the  brackish 
water  above  described. 

Infection  by  Flies. — ^Food  is  frequently  infected  through  the  agency 
of  the  common  house  fly.  During  the  past  decade  much  has  been  written 
on  this  subject.     During  the  Spanish- American  War  many  thousandB  of 
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men  succumbed  to  typhoid  fever  transmitted  through  the  agency  of  the 
house  fly,  coming  direct  from  the  latrines  to  the  kitchens  with  their 
bodies  laden  with  typhoid  bacilli.  These  insects,  from  their  great  num- 
bers and  incessant  activity,  are  admirably  adapted  to  convey  infection. 
Their  numerous  feet  and  capacious  intestines,  their  frequent  evacuations 
and  disgusting  habits  of  alighting  and  feeding  upon  all  matter  of  refuse, 
make  them  an  incessant  pest.  Of  late  years  the  sanitary  officers  of  the 
United  States  Army  have  so  perfected  sanitary  regulations  that  the  pres- 
ence of  these  pests  is  almost  unknown. 

(i)  WHOLESOME  FOOD  AGAINST  WHICH  PERSONAL  IDIOSYNCRASY 
EXISTS.— Idiosyncrasies  are  found  to  exist  with  some  persons  in  regard 
to  special  articles  of  food  which  cannot  be  readily  explained.  As  a  rule, 
if  marked,  they  extend  throughout  life,  but  sometimes  persons  pass 
through  periods  when  a  particular  article  of  food  disagrees  with  them 
which  they  had  previously  been  able  to  eat  with  impunity.  Some  indi- 
viduals will  complain  that  milk  makes  them  bilious,  while  others  cannot 
eat  eggs,  while  they  can  take  milk.  Again,  there  are  persons  who  believe 
they  cannot  take  either.  Some  individuals  can  eat  the  white  and  not 
the  yolk  of  eggs ;  again,  there  are  other  people  who  cannot  partake  of  fat 
in  any  form.  There  are  persons  who  acquire  a  headache  whenever  they 
eat  butcher's  meat  in  excess.  A  common  idiosyncrasy  of  diet  is  met  with 
in  persons  who  cannot  partake  of  shellfish  of  any  kind.  An  English 
authority  reports  the  case  of  a  lady  patient  who  throughout  her  life  was 
unable  to  drink  coffee,  of  which  she  was  very  fond,  without  bringing  on 
an  attack  of  diarrhea.  Such  idiosyncrasies  are  sometimes  hereditary  and 
may  affect  several  members  of  the  same  family.  They  are  entirely  inde- 
pendent of  ordinary  dyspeptic  conditions  and  may  occur  in  persons  who 
otherwise  are  able  to  digest  any  and  all  kinds  of  foods. 

(j)  ALCOHOL  AS  A  FOOD  AND  A  POISON.— This  subject  has  been  most 
carefully  considered  in  Volume  I,  Chapter  XVI,  Beverages  and  Stimu- 
lants, page  519,  to  which  the  reader  is  referred. 
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niAPTER    XIX 

ANALYSIS    OF     AMERICAN     FOODS—FUEL    VALUE     PER 
POUND   AND    PER    PORTION 

Meaning  of  "Protein." 

Sources  and   Metliods  of  Computing'    Frnxi  Analytis:    Hintorical   Aspect 

Composition  of  Food  Materials:  Pn.ttiiiH;  FaU;  Carbohydratea ;  Aah  or 
Mineral  Matter;  Fuel  Matter— Calories  |H?r  Pound  and  per  Por- 
tion ;    Water. 

Cuts  of  Meat:    Beef;   Lamb;   Pork;    Veal,  etc 

AVERAGE    CHEMICAL    COMPOSITION   OF   AMERICAN   FOOD 

MATERIALS 

Meaning  of  Protein — Nitrogenous  matter  is  usually  designated  "pro- 
tein." ^L^oniinally  the  total  nitrogenoius  substance  of  animal  and  vege- 
table food  materials,  exclusive  of  the  so-called  nitrogenous  fats,  is  included 
in  this  term.  Actually  it  is  employed,  in  common  usage,  to  designate  the 
product  of  the  total  nitrogen  in  a  substance  by  an  empirical  factor 
generally  expressed  as  6.25.  The  conmion  practice  of  European  and 
American  chemists  and  physiologists  is  to  multiply  the  percentage  of 
nitrogen  by  6.25  and  take  the  product  as  representing  the  total  nitrogenous 
substance. 

For  many  food  materials,  animal  and  vegetable,  this  factor,  6.25, 
would  be  nearly  correct  for  proteins,  which  contain  on  tlie  average  not 
far  from  16  per  cent  of  nitrogen,  although  tiie  nitrogen  content  of  the 
individual  protein  is  quite  varied.  The  variations  in  the  nitrogen  of  non- 
proteins are  wider,  and  they  contain  on  an  average  more  than  16  per 
cent  of  nitrogen.  It  is  evident,  therefore,  that  the  computation  of  the 
total  nitrogenous  substance  in  this  way  is  by  no  means  correct.  Through- 
out most  of  the  tables  for  meats  and  other  animal  foods  the  protein  is 
calculated  by  subtracting  the  other  ingredients,  including  water  and 
mineral  matter,  from  100  per  cent.  The  difference  in  the  two  estimates 
of  '^protein"  is  usually  less  than  1  p<»r  cent  of  the  total  meat,  and  the 
N  X  6.25  estimate  is  usually,  but  not  always,  in  excess  of  the  estimate 
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by  difference.  While  this  latter  method  of  calculation  is  by  no  means 
absolutely  correct,  it  is  nevertheless  oftentimes  more  nearly  so  than  the 
determination  by  use  of  the  usual  formula,  N  x  6.25. 

Sources  and  Methods  of  Computing  Food  Analysis  Tables. — In  the  com- 
pilation of  these  tables  only  edible  portions  are  retained,  unless  otherwise 
stated,  especially  in  animal  foods.  By  edible  foodstuff  is  meant  the 
material  as  ordinarily  prepared  for  cooking,  after  removal  of  bones,  skin, 
entrails,  peelings,  cores,  pods,  rinds,  etc.  Thus  the  edible  foodstuff  still 
contains  material  ordinarily  removed  by  dainty,  finicky  or  fastidious 
diners,  as  fat,  gristle,  etc.,  of  meats,  fine  skins  and  other  parts  of  vege- 
table foods,  the  under  crust  of  pie,  and  other  materials  in  foods.  This 
unused  material  is  a  physiological  waste. 

The  material  for  this  chapter  has  been  taken  largely  from  the 
revised  work  of  Atwater  and  Bryant  (1),  which  represents  by  far  the 
best  compilation  extant  of  analyses  of  American  foods  down  to  1906. 
In  abstracting  these  tables,  the  minimum,  maximum  and  averages  only 
of  edible  foods  are  given,  which  suffice  for  the  purpose  of  this  work. 
For  the  complete  tables  the  reader  is  referred  to  the  original  report (2). 

In  the  preparation  of  these  tables  much  care  has  been  exercised  to 
keep  the  protein,  fat  and  carbohydrate  percentages  corrected  to  show  true 
protein  and  digestible  carbohydrate.  For  meats  the  !N  x  6.25  method  of 
calculation  has  been  followed.  Many  of  the  computations  as  to  the  pro- 
tein content  of  vegetables  are  slightly  excessive,  since  no  actual  estimate 
of  protein  proper  was  made.  This  is  of  no  practical  importance,  how- 
ever, because  if  the  protein  content  is  large,  as  in  the  legumes,  the  non- 
protein nitrogenous  substances  are  comparatively  insignificant;  while,  if 
the  total  nitrogenous  constituents  are  small,  the  error  for  any  ordinary 
use  of  the  food  is  slight  in  the  aggregate. 

In  amplifying  the  fuel  value  of  the  foods  great  care  has  been  exer- 
cised by  the  author  to  estimate  the  caloric  value  per  hundred  grams  of 
the  various  foods.  Realizing  the  fallacy  of  exactitude  in  determining 
positive  fuel  values,  some  license  has  been  taken  to  state  fractions  of  a 
per  cent  in  the  nearest  per  cent.  It  will  be  realized,  therefore,  that  in 
using  these  tables  to  ascertain  the  organic  nutrients  of  foodstuffs  ingested, 
only  approximate  results  can  be  hoped  for,  hence  it  will  serve  every 
purpose  to  use  average  figures  and  to  ignore  fractions  of  a  per  cent  or 
even  the  nearest  aliquot  fraction  of  the  whole. 

HISTORICAL  ASPECT.-The  earliest  quantitative  analyses  of  food 
materials  with  which  we  have  come  in  contact  are  those  of  potatoes, 
reported  by  George  Pearson  in  England  in  1795(3).     Einhoff(4:),  in 
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1805,  made  analyses  of  potatoes  and  rye.    lie  attempted  to  separate  the 

albinnin  in  tho  latter  and  in  the  former,  lie  aitu)  dctennined  several  of 
tlio  constituonts  of  the  ash.  Other  workern  in  thin  field  of  renearch, 
chiefly  in  the  period  from  1840  to  18«r),  have  re|M»rte<l  their  findingn. 
Nearly  all  our  definite  knowledge  of  the  chemical  comixmition  of  food 
materials  and  their  nutritive  value,  however,  han  accumulated  wilhin 
comparatively  the  past  few  years.  The  great  advance  in  the  analytical 
chemistry  of  f(M)dstufTs  was  nuide  in  1804,  when  Ilenneberg  and  his 
associates  elaborated  the  so-ralled  "Weende  metluKl"  for  pmximate  anal- 
ysis. This  method  with  slight  variatiiuis  is  used  to-day  where\'er  f<Kid 
analyses  are  made.  **The  metluxls  followed  in  different  conntri(*s  agreo 
so  closely  that  for  the  last  twenty  years  it  has  been  possible  to  accept 
analyses  by  chemists  in  different  parts  of  the  world  and  compare  them 
"vvith  one  another  without  hesitation"  (Atwater  an<l  Bryant). 

The  first  analyses  by  these  methods  in  the  United  States  of  which 
record  has  been  found  were  a  series  of  analyses  of  com  in  1869(5). 
With  thanks  to  the  research  workers  in  the  Experiment  Stations  of  the 
United  States  Department  of  Agriculture,  who  have  perhaps  led  the 
world  in  scientific  work  of  this  character,  we  now  have  a  definite  knowl- 
edge of  the  chemical  composition  of  foodstuffs,  their  fuel  value,  and 
nutritive  properties. 

Explanation  of  Terms (6). — The  terms  used  in  reporting  analyses  of 
foods  and  feeding  stuffs  need  some  explanation.  Some  of  these  terms 
have  a  technical  meaning  which  is  well  recognized  and  understood  by 
scientists,  although  the  dictionaries  and  similar  books  of  reference  have 
not  yet  included  these  terms  in  their  definitions.  In  other  cases  the  same 
word  has  been  used  by  scientists  in  different  ways.  The  more  usual 
terms  are  defined  and  explained  below  in  the  sense  in  which  they  are 
employed  in  this  bulletin  and  other  publications  of  this  office: 

COMPOSITION    OF    FOOD    MATERIALS 

Ordinary  food  materials,  such  as  meat,  fish,  egrgs,  potatoes,  wheat,  etc,  con- 
sist of: 

Refuse.— As  the  bones  of  meat  and  fish,  shells  of  shellfish,  skin  of  potatoes, 
bran  of  wheat,  etc. 

Edible  Portion.— As  the  flesh  of  meat  and  fish,  the  white  and  yolk  of  eggs, 
•wheat  flour,  etc.  This  edible  portion  consists  of  water  (usully  incorporated  in  the 
tissue  and  not  visible  as  such),  and  nutritive  ingretlients  or  nutrients. 

The  principal  kinds  of  nutritive  ingredients  are  protein,  fats,  earbohydnites, 
and  ash  or  mineral  matters. 

The  water  and  refuse  of  various  foods  and  the  salt  of  salted  mest  and  fish  are 
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called  nonnutrients.  In  comparing  the  values  of  different  food  materials  for 
nourishment  they  are  left  out  of  account. 

Protein. — This  term  is  used  to  include  nominally  the  total  nitrogenous  sub- 
stance of  animal  and  vegetable  food  materials,  exclusive  of  the  so-called  nitrogen- 
ous fats.  Actually  it  is  employed,  in  common  usage,  to  designate  the  product  of 
the  total  nitrogen  by  an  empirical  factor,  generally  6.25. 

This  total  nitrogenous  substance  consists  of  a  great  variety  of  chemical  com- 
pounds, conveniently  divided  into  two  principal  classes,  proteids  and  nonproteids. 

The  following  is  taken  from  Bulletin  28,  U.  S.  Department  of 
Agriculture : 

The  term  proteid,  as  here  employed,  includes  the  simple  proteids,  e.g.,  (a) 
albuminoids,  globulins,  and  their  derivatives,  such  as  acid  and  alkali  albumins, 
coagulated  proteids,  proteoses,  and  peptones;  (b)  the  so-called  combined  or  com- 
pound proteids;  and  (c)  the  so-called  gelatinoids  (sometimes  called  "glutinoids" ) 
which  are  characteristic  of  animal  connective  tissue. 

The  term  albuminoids  has  long  been  used  bj^  European  and  American  chem- 
ists and  physiologists  as  a  collective  designation  for  the  substances  of  the  first 
two  groups  though  many  apply  it  to  all  three  of  these  groups.  Of  late  a  num- 
ber of  investigators  and  writers  have  employed  it  as  a  special  designation  for  com- 
pounds of  the  third  class. 

The  term  nonproteid  is  here  used  synonymously  with  nonalbuminoid,  and  in- 
cludes nitrogenous  animal  and  vegetable  compounds  of  simpler  constitution  than 
the  proteids.  The  most  important  animal  compounds  of  this  class  are  the  so- 
called  "nitrogenous  extractives"  of  muscular  and  connective  tissue,  such  as  crea- 
tin,  creatinin,  xanthin,  hypoxanthin,  and  allied  cleavage  products  of  the  proteids, 
To  some  of  these  the  term  "meat  bases"  has  been  applied.  The  latter,  with  cer- 
tain mineral  salts  (potassium  phosphates,  etc.),  are  the  most  important  constitu- 
ents of  beef  tea  and  many  commercial  "meat  extracts." 

The  nonproteid  nitrogenous  compounds  in  vegetable  foods  consist  of  amids  and 
amido-acids,  of  which  asparagin  and  aspartic  acid  are  familiar  examples. 

The  ideal  method  of  analysis  of  food  materials  would  involve  quantitative  de- 
terminations of  the  amounts  of  each  of  the  several  kinds  or  groups  of  nitrogen- 
ous compounds.  This,  however,  is  seldom  attempted.  The  common  practice  is 
to  multiply  the  percentage  of  nitrogen  by  the  factor  6.25  and  take  the  product 
as  representing  the  total  nitrogenous  substance.  For  many  materials,  animal  and 
vegetable,  this  factor  would  be  nearly  correct  for  the  proteids  which  contain,  on 
the  average,  not  far  from  16  per  cent  of  nitrogen,  although  the  nitrogen  content 
of  the  individual  proteids  is  quite  varied.  The  variations  in  the  nitrogen  of  the 
nonproteids  are  wider,  and  they  contain,  on  the  average,  more  than  16  per  cent  of 
nitrogen.  It  is  evident,  therefore,  that  the  computation  of  the  total  nitrogenous 
substance  in  this  way  is  by  no  means  correct.  In  the  flesh  of  meats  and  fish, 
which  contain  very  little  of  carbohydrates,  the  nitrogenous  substance  is  frequently 
estimated  by  difference,  i.  e.,  by  subtracting  the  ether  extract  and  ash  from  the 
total  water-free  substance.  While  this  method  is  not  always  correct,  it  is  often- 
times more  nearly  so  than  the  determination  by  use  of  the  usual  factor. 
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The  distinction  between  pnitein  and  proteidji  is  very  tharp.  Th«  Utter  tms 
definite  clu'iniral  compoundH,  wiiile  the  (ornier  ih  nn  entindy  arliitniry  term  naed 
to  dt'si^'imtc  a  j^nmp  which  in  coiiinumly  aiwume<l  tf»  inrhuir  all  of  tin-  nitroffenouii 
matter  of  the  foixl  exeej»t  the  nitrojji'iuum  fata. 

In  the  tables  herewith  the  common  unage  ia  fidiowiHl,  «•%  whmh  itn-  pniiiin  m 
given  ns  estimated  "by  factor,"  i.  e.,  total  nitrogen  multiplicHl  b/ CiS.  In  the 
analyses  of  meats  and  fish,  however,  tlu-  flgures  for  protein  "by  diflrereoee"  ara 
also  given.  Where  the  protei<l  and  n<»nproteid  nitn>KenoUM  matter  baa  been 
estimated  in  a  food  material,  the  proportions  arc  indicated  in  a  footnoti-. 

Fats. — Under  fats  is  included  the  total  ether  extract.  Familiar  cxamplca  of 
fut  are  fat  of  meat,  fat  of  nulk  (butter),  oil  of  com,  olive  oil,  etc.  The  infC^dic^U 
of  the  "etiier  extract"  of  animal  and  vr<;ctable  fiMwIs  and  fi'iHling  atufTa,  which  it 
is  customary  to  group  roughly  as  fats,  include  with  the  true  fata  various  other 
substances,  as  fatty  acids,  lecithins  (nitrogenous  fats),  and  cblorophylbi. 

Carbohydrates. — Carbohydrates  are  usually  determined  by  diflferenee.  They 
include  sugars,  starches,  cellulose,  gums,  woody  fiber,  etc.  In  many  iimtinifl 
separate  determinations  of  one  or  nion«  of  these  groups  have  been  made.  The 
determinations  of  "liber"  in  vegetable  foods,  i.  e.,  sulmtances  allied  to  earbohy- 
drates  but  insoluble  in  dilute  acid  and  alkali,  and  somewhat  similar  to  woody 
fiber,  are  given  in  a  separate  column.  The  figures  in  parenthi«ses  in  the  crude 
fiber  column  show  the  number  of  analyses  in  which  the  filn'r  was  determined.  The 
figures  for  "total  carbohydrates"  include  the  fiber,  as  well  as  sogars,  starefaes, 
etc.  Where  the  sugars  or  starches  have  been  determined  separately  footnotes 
are  added  giving  the  average  results. 

Ash  or  Mineral  Waters. — Under  tliis  head  are  included  phosphates,  sulphates, 
chlorids,  and  other  salts  of  potassium,  sodium,  magnesium,  and  other  metallic  ele- 
ments. Where  analyses  of  the  mineral  matters  have  been  found  they  are  added 
in  the  form  of  footnotes.  These  results  usually  give  the  percentage  composition 
of  the  ash  as  produced  by  incineration  rather  than  the  proportions  in  which  the 
different  mineral  ingredients  occur  in  the  food  material. 

Fuel  Value. — By  fuel  value  is  meant  the  number  of  calories  of  heat  equivalent 
to  the  energy  which  it  is  assumed  the  lK)dy  would  be  able  to  obtain  from  one 
pound  of  a  given  food  material,  provided  the  nutrients  of  the  latter  were  com- 
pletely digested.  The  fuel  values  of  the  different  food  materials  are  calculated 
by  use  of  the  factors  of  Rubner,  which  allow  4.1  calories  for  a  gram  of  pro- 
tein, the  same  for  a  gram  of  carbohydrates,  and  9.3  calories  i>er  gram  of  fats. 
These  amounts  correspond  to  18.6  calories  of  energy  for  each  hundredth  of  a 
pound  of  protein  and  of  carbohydrates,  and  42.2  calories  for  each  hundredth  of  a 
pound  of  fat  in  the  given  food  material.  In  the  following  table  the  fuel  valna 
per  pound  ^  has  been  calculated  by  the  use  of  these  factors.  In  these  ealeuUtions 
the  values  of  protein  by  factor  have  been  used  in  all  cases  with  the  ezeeption 
of  the  salt  cod  (p.  723)  and  hens*  eggs  (p.  725)  in  which  the  value  of  protein  by 
difference  was  used. 


1  The  author  has  amplified  these  calculations  of  fuel  value  by  extending  the  raloriet 
per  portion  for  each  foodstuff  enumeratcnl.  which  it  is  hoped  will  make  the  tables  mora 
valuable  and  convenient  for  the  student  of  sitology. 
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CUTS    OF  MEAT 


The    methods   of  cutting  sides   of  beef,  veal,  mutton,   and   pork  into  parts, 
and  the  terms  used  for  the  different  "cuts,"  as  these  parts  are  commonly  called, 


1.  Neck. 

2.  Chuck. 

3.  Ribs. 

4.  Shoulder  clod. 

5.  Fore  shank. 

6.  Brisket. 

7.  Cross  ribs. 

8.  Plate. 

9.  Navel. 

10.  Loin. 

11.  Flank. 

12.  Rump. 

13.  Round. 

14.  Second  cut  round. 
16.  Hind  shank. 


hh^ 


Fig.  46.— Diagrams  of  Cuts  of  Beef.     (Farmers'  Bull.  No.  34,  U.  S.  Dept.  Agric. 


vary  in  different  localities.    The  analyses  here  reported  apply  to  cuts  as  indicated 
by  the  following  diagrams.     These  show  the  positions  of  the  different  cuts,  both 
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in  the  live  animal  and  in  the  dressed  eareaas  as  found  in  ttic  markets.  The  lines  of 
division  iK'twoen  the  dilTerent  cuU  will  vary  slightly,  aeoording  to  the  usage  of 
the  local  market,  even  where  the  general  methinl  of  rutting  is  aa  hen  iodieatcd. 
Tlic  names  of  the  same  euts  likcwiw.  vary  in  ilifTerfnt  parts  of  the  eotintry. 

The  Cuts  of  Beef.— The  pruTal  mothod  <if  rutting  up  a  Hide  of  liccf  i«  illus- 
trated in  Fij?.  4(),  whieh  shows  the  relative  position  of  the  cut*  in  the  animal  and 
in  a  dressed  side.  The  neek  piece  is  fre<|uently  cut  so  as  to  include  morv  of  the 
chuck  than  is  represented  hy  the  diagrams.  The  slioulder  clod  iti  usually  cut  with- 
out hone,  while  the  shoulder  (not  indicated  in  diagram)  would  include  more  or 
less  of  the  slioulder  hlade  and  of  the  upper  end  of  the  fore  shank.  Shoulder 
steak  is  cut  from  the  chuck.  In  many  localities  the  plate  is  made  to  include  all 
the  parts  of  the  fore  quarter  designated  on  the  diagrama  as  brisket,  cross-ribs,  pUte 
and  navel,  and  different  portions  of  the  plate,  as  thus  cut,  are  s(M>kcn  of  aa  the 
"brisket  end  of  plate"  and  "navel  end  of  plate."     This  part  of  the  animal   is 


1.  Neck. 

2.  Chuck. 

3.  Shoulder. 

4.  Fore  shank. 

5.  Breast 


6.  RIb«. 

7.  Loin. 

8.  Flank. 

9.  Leg. 

10.  Hind  shank. 


Fig.  47. — Diagrams  of  Cuts  of  Veai*     (Farmers*  Bull.  No.  34,  U.  S.  Dept.  Agrie.) 


largely  used  for  coming.  The  ribs  are  frequently  divided  into  first,  seeond,  and 
third  cuts,  the  last  lies  nearest  the  chuck  and  is  slightly  less  desirable  than  the 
first  and  second.  The  chuck  is  sometimes  subdivided  in  a  similar  manner,  the 
third  cut  of  the  chuck  being  nearest  the  neck.  The  names  applied  to  different 
portions  of  the  loin  vary  considerably  in  different  localities.  The  part  nearest  the 
ribs  is  frequently  called  "small  end  of  loin"  or  "short  steak."  The  other  end  of  the 
loin  is  called  *Tiip  sirloin"  or  "sirloin."  Between  the  short  steak  and  the  sirloin 
is  a  portion  generally  called  the  "tenderloin,"  for  the  reason  that  the  real  tenderloin, 
the  very  tender  strip  of  meat  lying  inside  the  loin,  is  found  most  fully  developed 
in  this  cut.  Porterhouse  steak  is  a  term  most  fre<|uently  applied  to  either  the 
short  steak  or  the  tenderloin.  It  is  not  unconmion  to  tind  the  flank  cut  so  as  to 
46 
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include  more  of  the  loin  than  is  indicated  in  the  figures,  in  which  ease  the 
upper  portion  is  called  "flank  steak."  The  larger  part  of  the  flank  is  frequently 
corned,  as  is  also  the  case  with  the  rump.  In  some  markets  the  rump  is  cut  so  as 
to  include  a  portion  of  the  loin,  which  is  then  sold  as  "rump  steak."  The  portion 
of  the  round  on  the  inside  of  the  leg  is  more  tender  than  that  on  the  outside,  and 
is  preferred  to  the  latter.  As  the  leg  lies  upon  the  butcher's  table  this  inside  of 
the  round  is  usually  on  the  upper,  or  top  side,  and  is  therefore  called  "top  round." 
Occasionally  the  plate  is  called  the  "rattle." 

The  Cuts  of  Veal. — The  method  of  cutting  up  a  side  of  veal  differs  consider- 
ably from  that  employed  with  beef.  This  is  illustrated  by  Fig.  47,  which  shows 
the  relative  position  of  the  cuts  in  the  animal  and  in  a  dressed  side.  The  chuck 
is  much  smaller  in  proportion,  and  frequently  no  distinction  is  made  between  the 
chuck  and  the  neck.    The  chuck  is  often  cut  so  as  to  include  a  portion  here  desig- 


RP.K 


1.  Neck. 

2.  Chuck. 

3.  Shoulder. 

4.  Flank. 

5.  Loin. 

6.  Leg. 


Fig.  48. — Diagrams  of  Cuts  of  Lamb  and  Mutton.      (Farmers'  Bull.  No.  34,  U.  S. 

Dept.  Agric.) 


nated  as  shoulder,  following  more  nearly  the  method  adopted  for  subdividing 
beef.  The  shoulder  of  veal  as  here  indicated  includes,  besides  the  portion  cor- 
responding to  the  shoulder  in  beef,  the  larger  part  of  what  is  classed  as 
chuck  in  the  adult  animal.  The  under  part  of  the  fore  quarter,  corresponding 
to  the  plate  in  the  beef,  is  often  designated  as  breast  of  veal.  The  part  of  the 
veal  corresponding  to  the  rump  of  beef  is  here  included  with  the  loin,  but  is 
often  cut  to  form  part  of  the  leg.  In  many  localities  the  fore  and  hind  shanks 
of  veal  are  called  the  "knuckles." 


EXPLANATION  OF  TERMS 
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The  Cuts  of  Lamb  and  Mutton.— Fi^.  48  sbowB  the  relative  position  of  tlM 
cuts  in  a  dressiHl  side  of  mutton  or  lainl»  nnd  in  a  live  animal.  The  cuta  in  a  tide 
of  lanih  ntui  mutton  nuinluT  but  six,  tlirin*  in  each  quarter.  The  ehnek  inrludet 
the  rihs  as  far  as  tlu*  on<i  of  the  Hhoulilcr  blade,  beyond  which  comet  the  loin.  Tha 
flank  is  made  to  inchuU'  all  the  under  side  of  the  nninml.  Some  btttebeHy  liowever» 
make  a  Iar<?er  number  of  cuta  in  the  fore  quarter,  including  a  portion  of  the 
cuts  marked  "loin"  and  "chuck'*  in  Fi^j.  48,  to  make  a  cut  deatgnaled  aa  **rib,** 
and  a  portion  of  the  "tlank"  and  "shouMcr"  to  make  a  cut  deaifcnatcd  an  "briaket." 
The  ienn  "cliops*'  is  ordinarily  used  to  di^Mignate  portiona  of  cither  the  loin,  riba, 
chuck  or  shoulder,  which  are  either  cut  «>r  "chopped"  by  the  butcher  into  pieeet 
suitable  for  frvinpr  or  broilinj?.    The  cbink  and  rilw  arc  sometimes  called  the  "rack." 

The  Cuts  of  Pork. — The  method  «»f  cutting?  up  a  aide  of  pork  diflTcni  from 
that  employed  with  other  meats.    A  large  portion  of  the  carcaaa  of  a  dreMed  pig 


7    3\    a 

e 

.- 

\ 

■r     ^ 

r^. 

M/A*|// 

1. 

Head. 

2.  Shoulder. 

8. 

Back. 

4. 

Middle  cut. 

6. 

Belly. 

6. 

Ham. 

7. 

Ribs. 

8. 

Loin. 

6 


iU 


Fig.  49.— Diagbams  of  Cuts  of  Pobk.     (Farmers*  Bull.  No.  34,  U.  8.  Dept  Agric) 

consists  of  almost  clear  fat.  This  furnishes  the  cuts  which  are  uaed  for  "aalt 
pork"  and  bacon.  Fig.  49  illustrates  a  common  method  of  cutting  up  pork,  showing 
the  relative  position  of  the  cuts  in  the  animal  and  in  the  dressed  side.  The  cut 
designated  as  "back  cut"  is  almost  clear  fat  and  is  used  for  salting  and  pickling. 
The  "middle  cut"  is  the  portion  quite  generally  used  for  bacon  and  for  "lean 
ends"  of  salt  pork.  The  belly  is  salted  or  pickled  or  may  be  made  into  aaosagot. 
Beneath  the  "back  cut"  are  the  ribs  and  loin,  from  which  are  obtained  "apare- 
ribs,"  "chops,"  and  roasting  pieces,  here  designated  by  dotted  lines.  The  hams 
and' shoulders  are  more  frequently  curtMl,  but  are  also  sold  fresh  aa  pork  "stedj." 
The  tenderloin  proper  is  a  comparatively  lean  and  ver>-  small  stnp  of  meat  lying 
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under  the  bones  of  the  loin  and  usually  weighing  a  fraction  of  a  pound.  Some 
fat  is  usually  trimmed  off  from  the  hams  and  shoulders  which  is  called  "ham 
and  shoulder  fat"  and  is  often  used  for  sausages,  etc.  What  is  called  "leaf  lard," 
at  least  in  some  localities,  comes  from  the  inside  of  the  back.  It  is  the  kidney 
fat. 

As  stated  above,  cuts  of  meats,  as  shown  in  the  diagrams  herewith, 
correspond  to  those  of  which  analyses  are  reported  in  the  tables  given  in 
this  chapter,  but  do  not  attempt  to  show  the  different  methods  of  cutting 
followed  in  markets  in  different  parts  of  the  United  States.  The  illus- 
trations and  tables  which  follow  are  taken  from  Bulletin  No.  28  (Revised 
Edition),  U.  S.  Department  of  Agriculture,  ''The  Chemical  Composition 
of  American  Food  Materials,"  by  W.  O.  Atwater,  Ph.D.,  and  H.  P. 
Bryant,  M.S. 


AVERAGE  CHEMICAL  COMPOSITION  OF  AMERICAN  FOOD 

MATERIALS  ^ 

ACCORDING  TO  ATWATER'S  AND  BRYANT'S  CAREFUL  WORK 

ON   FOOD   ANALYSIS,    UNITED   STATES   DEPARTMENT 

OF   AGRICULTURE,    BULLETIN    No.    28 


Food  Materials 


ANIMAL  FOOD 

Beef,  fresh 
Brisket,  Medium  fat: 

Minimum 

Maximum 

Average 

Chuck,  including  shoulder, 
lean: 

Minimum 

Maximum 

Average 

Chuck,  including  shoulder, 
medium  fat: 

Minimum 

Maximum 

Average 


Per  cent 
Water 


47.4 
59.6 
54.6 


71.0 
71.7 
71.3 


67.1 
69.5 
68.3 


Per  cent 
Protein 


13.7 
17.1 
15.8 


19.8 
20.6 
20.2 


19.1 
20.2 
19.6 


Per  cent 
Fat 


22.5 
37.2 

28.5 


7.7 
8.7 
8.2 


10.1 
14.0 
11.9 


Per  cent 
Carbo- 
hydrates 


Per  cent 
Ash 


.9 
1.0 
1.0 


.9 

1.0 

.9 


Fuel  Value 


Calories 

per 
Pound 


1,265 
1,825 
1,495 


710 
735 
720 


800 
945 

865 


Calories 
per  100 
Grams 


281 
405 
330 


157 
163 
160 


177 
210 
192 


1  Unless  otherwise  stated,  the  values  in  each  case  are  for  the  edible  portion  only. 
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Food  Materials 


ANIMAL  FOOD— Con. 
Beef,  fresh 
Chuck,  including  shoulder, 
fat: 

Minimum 

Maxinunn 

Average 

Chuck,  rib,  lean: 

Minimum 

Maximum 

Average 

Chuck,  rib,  medium  fat: 

Minimum 

Maximum 

Average 

Chuck,  rib,  fat: 

Minimum 

Maximum 

Average 

Flank,  lean: 

Minimum 

Maximum 

Average 

Flank,  fat: 

Minimum 

Maximum 

Average 

Loin,  lean: 

Minimum 

Maximum 

Average 

Loin,  fat: 

Minimum 

Maximum 

Average 

Loin,  very  fat: 

Minimum 

Maximum 

Average 

Loin,    boneless    strip,    as 
purchased : 

Minimum 

Maximum 

Average 

Loin,  sirloin  butt,  as  pur- 
chased: 

Minimum 

Maximum 

Average 


Per  cent 
Water 


59.9 
64.2 
02.3 

69.7 
73.4 
7L3 

56.9 
67.0 
62.7 

5L3 
52.8 
52.0 

66.0 
70.8 
54.2 

53.5 
54.9 
54.2 

64.6 
74.7 
67.0 

52.1 
56.9 
54.7 

46.8 
5L3 
49.7 


50.9 
77.2 
66.3 


5L6 
72.1 
62.5 


Per  rent 
Protein 


17.6 
19.5 
18.5 

14.0 
20.5 
19.5 

17.3 
19.5 
18.5 

16.5 
16.5 
16.5 

20.4 
21.4 
17.1 

16.1 
17.8 
17.1 

13.4 
24.2 
19.7 

16.0 
18.7 
17.5 

17.2 
18.9 
17.8 


16.9 
25.0 
17.8 


17.4 
22.0 
19.7 


[*ercent 
Fat 


17.1 
2L1 

18.8 

5.8 

12.2 

8.3 

13.9 
25.3 
18.0 

30.3 
32.0 
31.1 

7.8 
13.7 
28.4 

27.2 
30.3 

28.4 

11.4 
23.1 
19.3 

25.1 
29.6 
27.6 

31.5 
33.8 
32.3 


4.0 
32.4 
16.7 


6.4 
23.5 
17.7 


I'er  cent 
('arlK>- 
hydrates 


Per  cent  CdorictCalorim 


Aah 


.8 

LO 

.9 

A 
1.1 
1.0 

.9 
1.1 
1.0 

.7 
.8 
.8 

.9 
1.0 

.8 

.8 
.8 
.8 

.7 
1.1 
1.0 

.8 

1.0 

.9 

.8 
.9 
.9 


.8 


FvwL  Vauti 


Pound 


1,080 
1.215 
1,135 

025 
776 
715 

980 
1,300 
1,105 

1,585 
1,055 
1,620 

710 

960 

1,515 

1,470 
1,580 
1,515 

735 

1,000 

900 

1,380 
1,575 
1,490 

1.050 
1,780 
1.605 


515 
1,680 
1,035 


665 
1,630 
1.115 


per  100 
Granif 


240 
270 
252 

138 
172 
158 

266 
308 
2S7 

352 
367 
360 

157 
213 
180 

326 
351 
336 

163 
222 
200 

306 
350 
331 

366 
395 
376 


114 
373 
230 


147 
362 
247 
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Food  Materials 


ANIMAL  FOOD— Con. 
Beef,  fresh 
Loin,  porterhouse  steak: 

PiS  purchased 

Loin,  sirloin  steak: 

As  purchased 

Neck,  lean: 

Minimum 

Maximum 

Average 

Neck,  medium  fat: 

Minimum 

Maximum 

Average 

Plate,  lean: 

Minimum. . , 

Maximum 

Average 

Plate,  medium  fat: 

Minimum 

Maximum 

Average 

Ribs,  lean: 

Minimum 

Maximum 

Average 

Ribs,  fat: 

Minimum 

Maximum 

Average 

Rib  rolls,  as  purchased: 

Minimum 

Maximum 

Average 

Round,  lean: 

Minimum 

Maximum 

Average 

Round,  fat: 

Minimum 

Maximum 

Average 

Round,  very  fat: 

Minimum 

Maximum 

Average 

Round,  second  cut: 

Minimum 

Maximum 

Average 


Per  cent 
Water 


52.4 

54.0 

69.3 
71.0 
70.1 

60.5 
67.8 
63.4 

60.8 
74.5 
65.9 

48.7 
59.9 
54.4 

66.0 
69.5 
67.9 

47.4 
51.7 
48.5 

67.3 
70.5 
69.0 

65.8 
73.6 
70.0 

57.8 
64.5 
60.4 

54.9 
56.8 
55.9 

69.5 
70.0 
69.8 


Per  cent 
Protein 


19.1 

16.5 

21.3 
21.4 
21.4 

18.9 
22.0 
20.1 


8.9 
19.1 
15.6 

14.8 
18.0 
16.5 

16.5 
20.9 
19.6 

12.0 
16.8 
15.0 

19.3 
20.8 
20.2 

18.8 
24.1 
21.3 

18.3 
21.4 
19.5 

17.2 
19.1 

18.2 

20.1 
20.7 
20.4 

Per  cent 
Fat 


17.9 
16.1 

8.0 

8.7 
8.4 

11.5 
19.8 
16.5 

16.5 
20.8 
18.8 

23.2 
35.6 
29.1 

9.8 
14.0 
12.0 

33.9 
36.8 
35.6 

8.4 
13.3 
10.5 

5.1 

10.0 

7.9 

16.7 
22.3 

19.5 

24.7 
27.7 
26.2 

8.6 
8.6 
8.6 


Per  cent 
Carbo- 
hydrates 


Per  cent 
Ash 


Fuel  Value 


Calories 

per 
Pound 


1.0 
1.1 
1.0 

.8 

1.1 

.9 

.4 
.9 

.7 

.7 
.9 


1.1 
1.0 


1.0 
1.0 

.3 
1.3 

1.1 

.9 
1.0 
1.0 

.7 
.9 


1.0 
1.3 
1.1 


1,110 

985 

735 
765 
750 

870 
1,195 
1,070 

860 
1,230 
1,085 

1,280 
1,780 
1,535 

790 
955 

870 

1,710 
1,845 
1,780 

740 
920 
820 

565 
835 
730 

1,050 
1,305 
1,185 

1,400 
1,490 
1,445 

735 
745 
740 


Calories 
per  100 
Grams 


246 

218 

163 
170 
166 

193 
265 
237 

191 
273 
241 

282 
395 
341 

175 

212 
193 

380 
410 
395 

164 
204 

182 

125 
185 
162 

233 
290 
263 

311 
331 
321 

163 
121 
120 
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Food  Materials 


ANIMAL  FOOD-Con. 
Beef,  fresh 
Rump,  lean: 

Aliniimim 

Maximum 

Average 

Rump,  medium  fat: 

Minimum 

Maximum 

Average 

Rump,  fat: 

Minimum 

Maximum 

Average 

Shank,  fore,  lean: 

Minimum 

Maximum 

Average 

Shank,  fore,  medium  fat: 

Minimum 

Maximum 

Average 

Shank,  hind,  lean: 

Minimum 

Maximum ......... 

Average 

Shank,  hind,  medium  fat 

Minimum 

Maximum 

Average 

Shoulder  and  clod,  lean: 

Minimum 

Maximum 

Average 

Shoulder  and  clod,  fat: 

Minimum 

Maximum 

Average 

Forequarter,  lean: 

Minimum 

Maximum 

Average 

Hindquarter,  lean: 

Minimum 

Maximum 

Average 

Hindquarter,  medium  fat: 

Minimum 

Maximum 

Average 


Per  cent 
Water 


62.1 
68.3 
65.7 

52.4 
60.3 
56.7 

43.1 
49.9 
47.1 

69.9 
73.2 
71.5 

65.5 
70.0 
67.9 

71.3 
73.6 
72.5 

65.3 
69.5 
67.8 

71.4 
74.5 
73.1 

56.2 
62.1 
60.4 

67.5 
71.1 
68.6 

64.6 
67.5 
66.3 

55.7 
63.9 
59.8 


Percent  I Nr cent 
Protein     Fat 


17.5 
22.7 
20.9 

16.0 
19.5 
17.4 

14.7 
22.7 
16.8 

20.9 
24.4 
22.0 

19.9 
21.0 
20.4 

20.8 
23.1 
21.9 

19.0 
21.8 
20.9 

19.2 

22.1 
20.4 

18.1 
21.9 
19.5 

16.5 
20.0 
18.9 

19.3 
20.6 
20.0 

17.2 
19.5 
18.3 


10.0 
17.7 
13.7 

20.3 

29.9 
25.5 

33.3 

39.4 
35.7 

5.3 
7.9 
6.1 

9.9 
14.2 
11.6 

4.3 
7.3 
5.4 

9.6 
15.4 
11.5 

4.7 
6.7 
5.4 

18.5 
21.6 
19.8 

11.4 
12.7 
12.2 

12.2 
14.9 
13.4 

16.8 
26.6 
21.6 


Per  rent 
CarlK>- 
hydrmtes 


Pen 

Anh 


ccntCAlorieiCftloriai 


.Q 
1.1 
1.0 

.8 

1.0 

.9 

.7 

1.2 

.8 

.9 
1.1 
1.0 

.9 

1.0 

.9 

.9 
1.2 
1.0 

.8 

1.0 

.9 

1.0 
1.1 
1.1 

.9 
1.2 
1.0 

.7 
.9 

.8 

1.0 
1.0 
1.0 

.8 

1.0 

.9 


Fuel  Vaujb 


ft&t 
Pound 


840 

1,170 

965 

1,195 
1,575 
1,400 

1,710 
1,960 
1,820 

615 
735 
665 

800 
970 
870 

590 
715 
635 

800 

1,005 

875 

555 
680 
605 

1,120 
1,320 
1,200 

815 
910 
865 

890 
990 
935 

1,070 
1,430 
1.250 


per  too 
GnuM 


186 
260 
214 

265 
350 
311 

380 
430 
404 

136 
163 
147 

177 
215 


131 
158 
141 

177 
223 
193 

123 
151 
134 

243 
293 
266 

181 
202 
192 

197 
220 
207 

237 
317 
277 
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Food  Materials 


ANIMAL  FOOD— Con 

Beef,  fresh 

Sides,  lean: 

Minimum 

Maximum 

Average 

Sides,  medium  fat: 

Minimum 

Maximum 

Average 

Beef  Organs 

Brain 

Heart: 

Minimum 

Maximum 

Average 

Forequarter,  medium  fat: 

Minimum 

Maximum 

Average 

Kidney : 

Minimum 

Maximum 

Average 

Beef  Liver: 

Minimum 

Maximum 

Average 

Lungs,  as  purchased 

Marrow,  as  purchased. .  . 
Sweetbreads,  as  purchased 
Suet,  as  purchased: 

Minimum 

Maximum 

Average 

Tongue: 

Minimum 

Maximum 

Average 

Beef,  Cooked 

Cut  not  given,  boiled,  as 

purchased 

Minimum 

Maximum 

Average 

Roast,  as  purchased: 

Minimum 

Maximum 

Average 


Per  cent 
Water 


66.5 
67.5 
67.2 

54.8 
64.9 
59.7 

80.6 

56.5 

68.7 
62.6 

54.1 
63.6 
60.4 

75.7 

78.7 
76.7 

69.5 
75.0 
71.2 
79.7 
3.3 
70.9 

4.3 
21.9 
13.7 

63.5 

76.2 
70.8 


38.1 

4.5 

41.9 

23.2 

38.7 
59.5 
48.2 


Per  cent 
Protein 


17.6 
20.3 
19.3 

17.2 
19.3 
18.1 


15.7 
16.3 
16.0 

17.2 
19.1 
17.9 

15.8 
17.1 
16.6 

18.1 
23.1 
20.4 
16.4 
2.2 
16.8 

1.1 
7.5 

4.7 

17.0 
22.2 
18.9 


26.2 
16.3 
26.4 
21.4 

15.1 
29.0 
22.3 


Per  cent 
Fat 


12.3 
14.8 
13.2 

15.7 
27.1 
22.0 

9.3 

14.6 
26.2 
20.4 

17.1 
27.6 
21:4 

2.4 
7.1 

4.8 

3.3 
5.7 
4.5 
3.2 
92.8 
12.1 

70.7 
94.5 

81.8 


18.0 
9.2 


34.9 

27.7 
75.8 
51.7 

19.6 
41.4 
28.6 


Per  cent 
Carbo- 
hydrates 


Per  cent 
Ash 


1.0 
.9 


1.1 

.9 
1.0 
1.0 


1.0 
.9 

1.1 
1.3 
1.2 

1.3 
2.5 
1.6 
1.0 
1.3 
1.6 

.2 

.7 
.3 

.9 
1.1 
1.0 


.9 

.7 

6.2 

3.5 

.7 
2.7 
1.3 


Fuel  Value 


Calories 

per 
Pound 


905 
950 
915 

1,020 
1,465 
1,265 

555 

920 
1,395 
1,160 


1.075 
1,485 
1,235 


420 
595 
520 

520 
670 
605 
440 
3,955 
825 

3,110 
4,010 
3,540 

445 

1,075 

740 


2,805 
1,660 
3,580 
2,580 

1,210 
2,030 
1,630 


Calories 
per  100 
Grams 


201 
211 
203 

248 
325 
281 

123 

204 
310 
257 

238 
330 
274 

93 
132 
115 

115 
148 
134 

97 

878 
183 

691 
891 

786 

98 
238 
164 


623 
368 
795 
573 

268 
451 
362 
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Food  Materials 


ANIMAL  FOOD— Con. 
Be«/,  cooked 

Round  steak;  fat  removwl. 
as  purchased  : 

Minimum 

Maximum 

Average 

Sirloin    steak,    baked,    as 

purchased 

Loin    steak,    tenderloin, 
broiled: 

Minimum 

Maximum 

Average 

Sandwich   meat,    as   pur- 
chased: 

Minimum 

Maximum 

Average 

Beef,  Canned 
Boiled  beef,  as  purchased . 
Cheek,  ox,  as  purchased.  . 
Chih  -  con  -  came,  as  pur- 
chased  

Collops,   minced,   as  pur- 
chased  

Corned  beef: 

Minimum 

Maximum 

Average 

Dried  beef,  as  purchased: 

Minimum 

Maxhnum 

Average 

Luncheon    beef,    as    pur- 
chased  

Kidneys,  stewed,  as  pur- 
chased: 

Minimum 

Maximum 

Average 

Palates,  ox,  as  purchased 

Minimum 

Maximum 

Average 

Roast  beef,  as  purchased: 

Minimum 

Maximum 

Average 


Per  cent 
WaUT 


53.5 
72.3 
63.0 

63.7 


42.7 
64.5 

54.8 


56.3 
61.2 
58.3 

5L8 
66.1 

75.4 

72.3 

43.2 
58.3 
51.8 

44.2 
45.3 
44.8 

52.9 


70.9 
72.9 
71.9 

69.6 
73.1 
71.4 

55.8 
62.8 
58.9 


Per  rrnl 
Proti'in 


19.4 
34.1 
27.6 

2.3.9 


19.8 
26.7 
23.5 


27.1 
28.6 
28.0 

25.5 
22.2 

13.3 

17.8 

20.7 
35.1 
26.3 

38.0 
40.4 
39.2 

27.6 


14.6 
22.1 
18.4 

16.4 
19.3 
17.8 

20.3 

29.8 
25.9 


Per  cent 
Fat 


3.3 

16.9 
7.7 

10.2 


ll.S 
35.7 
20.4 


8.0 
13.6 
11.0 

22.5 

8.4 

4.6 

6.8 

11.7 
31.1 
18.7 

6.1 

4.8 
5.4 

15.9 


4.9 
5.4 
5.1 

9.4 
10.6 
10.0 

9.0 
23.6 
14.8 


Pwwmt 
( *arlM>- 
hydrBt4» 


4.0 
1.1 


4.3 
2.1 


PeroQQtCdorkiCdariM 


A<h 


1.1 
3.1 

l.K 

1.4 


1.0 
1.4 
1.2 


2.5 
3.1 

2.8 

1.3 
3.2 

2.7 

19 

2.0 
7.3 
4.0 

9.8 
12.6 
11.2 

4.8 


2.1 
2.8 
2.5 

.4 

2.0 
1.2 

1.2 
1.4 
1.3 


FuKL  Value 


Pbttiid 


615 
1,170 

875 


925 
1,875 
1,300 


870 

1,075 

985 

1,425 
765 

515 

640 

1,000 
1,605 
1^280 

d55 
965 
960 

1,185 


580 
620 
600 

750 
755 
755 

935 
1,375 
1,105 


per  100 
Cinuna 


136 
260 
186 

104 


205 
416 
288 


193 

238 
218 

316 
170 

114 

142 

222 
376 
284 

292 
214 
213 

263 


128 
137 
133 

166 
167 
167 

207 
305 
245 
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ANALYSIS    OF    AMERICAN    FOODS 


Food  Materials 


ANIMAL  FOOD— Con. 

Beef,  canned 

Rumpsteak,  as  purchased 
Sweetbreads,  as  purchased 
Tails,  ox,  as  purchased . . . 
Tongue,  ground,  as    pur- 
chased: 

Minimum 

Maximum 

Average 

Tongue,  whole,  as  pur- 
chased: 

Minimum 

Maximum 

Average 

Tripe,  as  purchased: 

Minimum 

Maximum 

Average 

Beef,  corned  and  pickled 

Brisket,  as  purchased 

Flank: 

Minimum 

Maximum 

Average 

Plate,  as  purchased 

Rump: 

Minimum 

Maximum 

Average 

Extra  family  beef,  as  pur- 
chased  

Mess  beef,  salted: 

Minimum 

Maximum 

Average 

Corned  beef,  all  analyses 

as  purchased 

Spiced  beef,  rolled,  as  pur- 
chased  

Tongues,  pickled: 

Minimum 

Maximimi 

Average 

Tripe,  as  purchased: 

Minimum 

Maximum 

Average 


Per  cent 
Water 


56.3 
69.0 
47.7 


42.5 
54.9 
49.9 


42.4 
57.4 
5L3 

68.9 
80.2 
74.6 


40.0 

43.2 
56.5 
49.9 
34.3 

50.2 
65.9 
58.1 

33.1 

31.7 
42.4 
37.0 

49.2 

30.0 

50.9 
73.6 
62.3 

84.0 
91.1 
86.5 


Per  cent 
Protein 


24.3 
20.2 
18.5 


20.1 
23.6 
21.4 


10.8 
23.4 
19.5 

16.5 
17.0 
16.8 


14.4 

13.1 
16.1 
14.6 
11.7 


Per  cent 
Fat 


18.7 
9.5 
4.5 


21.6 
32.6 
25.1 


157 
32.7 
23.2 

2.6 
14.5 

8.5 


19.4 

24.9 
51.1 
33.0 
35.8 


13.3 

17.8 
15.3 

13.0 
30.2 
23.3 

11.1 

42.3 

11.3 
13.8 
12.6 

40.2 

48.7 
44.5 

14.3 

23.8 

12.0 

51.4 

8.3 
17.3 
12.8 

15.3 

25.8 
20.5 

7.1 
18.6 
11.7 

.9 
1.8 
1.2 

Per  cent 
Carbo- 
hydrates 


Per  cent 

Ash 


1.5 
2.0 


2.9 
5.1 
4.0 


3.0 
6.3 
4.0 

.4 
.6 
.5 


4.5 

2.8 
3.1 
2.9 
4.0 

2.0 
4.9 
3.3 

3.6 

4.1 
9.0 
6.5 

4.6 

6.8 

3.1 
6.3 
4.7 

.1 
.4 
.3 


Fuel  Value 


Calories 

per 
Pound 


1,240 
775 
535 


1,305 
1,750 
1,455 


865 
1,725 
1,340 

425 
920 
670 


1,085 

1,350 
1,980 
1,665 
1,730 

880 
1,550 
1,270 

1,990 

1,955 
2,265 
2,110 

1,271 

2,390 

800 
1,410 
1,105 

185 
335 
270 


Calories 
per  100 
Grams 


275 
172 
118 


290 
388 
323 


192 
383 
297 

93 
204 

148 


241 

300 
440 
370 
384 

195 
344 

282 

442 

434 
503 

468 

282 

531 

177 
313 
245 

41 

74 
60 
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Food  Materials 


ANIMAL  FOOD— Con. 
Beef,  dried,  etc. 

Dried,  salted,  and  smoketi 

Minimum 

Maximum 

Average 


Veal,  fresh 
Breast,  lean: 

Minimum 

Maximum 

Average 

Breast,  medium  fat: 

Minimum 

Maximum 

Average 

Chuck,  lean 

Chuck,  medium  fat: 

Minimum 

Maximum 

Average 

Flank,  medium  fat,  as  pur- 
chased: 

Minimum 

Maximum 

Average 

Flank,  fat,  as  purchased. . 
Flank,  all  analyses,  as  pur- 
chased  

Leg,  lean: 

Minimum 

Maximum 

Average 

medium  fat: 

Minimum 

Maximum 

Average 

cutlets: 

Mimmum 

Maximum 

Average 

Loin,  lean: 

Minimum 

Maximum 

Average 

Loin,  medium  fat: 

Minimum 

Maximum 

Average 


Leg, 


Leg, 


Per  cent 
Water 


Per  cent 
Protein 


Per  ront 
Fat 


24.3 
65.4 
54.3 


68.4 
72.2 
70.3 

65.1 
68.4 
66.4 
76.3 

71.5 
75.4 
73.3 


64.4 
72.7 
68.9 
57.0 

66.9 

71.5 
75.6 
73.5 

67.8 
72.1 
70.0 

67.3 
75.4 
70.7 

71.3 
75.4 
73.3 

67.9 
69.7 
69.0 


24.4 

47.S 
30.0 


J  9.6 
22.9 
21.2 

19.1 
19.9 
19.4 


19.1 
21.1 
19.7 


19.4 
21.5 
20.5 
18.1 

20.1 

20.3 
22.6 
21.3 

18.2 
21.4 
20.2 

20.1 
20.5 
20.3 

18.8 
21.5 
20.4 

18.3 
20.3 
19.9 


2.8 

ll.N 

0.5 


8.0 
8.0 
8.0 

12.0 

15.4 

13.8 

1.9 

5.1 
8.5 
6.5 


7.8 
15.8 
10.4 
24.1 

12.7 

1.1 
6.4 
4.1 

6.7 

11.7 

9.0 

3.3 

10.6 

7.7 

4.8 
6.7 
5.6 

10.1 
13.0 
10.8 


Percent 
Ctirbo- 
hydnitai 


PuiL  Vaujb 


2.7 

(3).4 


P^  cent  Calorki  Calorka 


Aih 


6.3 

16.0 

9.1 


1.0 

1.1 

1.0 

1.0 
1.0 
1.0 
1.2 

1.0 
1.0 
1.0 


.9 
1.1 
1.0 

.9 

1.0 

1.1 
1.3 
1.2 

1.0 
1.2 
1.2 

1.0 
1.2 
1.1 

1.0 
1.2 
1.2 

1.0 
l.I 
1.0 


Pound 


(.70 
020 
840 


700 
765 
730 

870 

1,010 

930 

465 

570 
715 
640 


1,085 

820 

1,355 

910 

465 
660 
570 

670 

1,780 

755 

515 
830 
706 

565 
680 
615 

805 
890 
825 


per  100 
OnuM 


120 
201 
186 


155 
170 
162 

103 
224 
206 
103 

126 
158 
142 


153 
230 
182 
301 

202 

103 
146 
126 

148 
305 
166 

114 
184 
156 

125 
151 
136 

178 
107 
183 
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a:n^alysis  of  amekica^^  foods 


Food  Materials 


ANIMAL  FOOD- 

Veal,  fresh 


-Con. 


Loin,  fat: 

Minimum 

Maximum 

Average 

Neck: 

Minimum 

Maximum 

Average 

Rib,  medium  fat 

Minimum 

Maximum 

Average 

Ribs,  fat: 

Minimum 

Maximum 

Average 

Rump,  as  purchased .... 
Shank,  fore: 

Minimum 

Maximum 

Average 

Shank,  hind,  medium  fat 

Minimum 

Maximum 

Average 

Shoulder,  lean: 

Minimum 

Maximum 

Average 

Shoulder  and  flank,   me- 
dium fat: 

Minimum 

Maximimi 

Average 

Forequarter: 

Minimum 

Maximum 

Average 

Hind  quarter: 

Minimum 

Maximum 

Average 

Side,  with  kidney,  fat,  and 
tallow: 

Minimum 

Maximum 

Average 


Per  cent 
Water 


61.3 
61.9 
61.6 

69.8 
75.8 
72.6 

70.4 
75.5 

72.7 

50.1 
67.8 
60.9 
43.7 

72.5 

75.8 
74.0 

73.4 
76.2 
74.5 

71.9 
74.9 
73.4 


64.7 
65.6 
65.2 

69.9 

74.8 
71.7 

68.4 
73.8 
70.9 


69.2 
74.3 
71.3 


Per  cent 
Protein 


18.0 
19.3 

18.7 

19.9 
20.8 
20.3 

20.0 
21.7 
20.7 

16.2 
20.0 

18.7 
13.8 

19.8 
21.4 
20.7 

18.9 
21.6 
20.7 

20.7 
20.7 
20.7 


19.3 
20.1 
19.7 

19.5 
20.9 
20.0 

19.6 
20.8 
20.7 


19.8 
20.7 
20.2 


Per  cent 
Fat 


18.3 
19.4 
18.9 

4.3 
9.2 
6.9 

3.4 
9.3 
6.1 

11.1 
31.5 
19.3 
11.3 

4.1 
6.4 
5.2 

3.0 
6.7 
4.6 

3.1 
6.2 
4.6 


13.5 
15.2 
14.4 

5.5 

10.6 

8.0 

5.6 

11.2 

8.3 


5.5 

10.3 

8.1 


Per  cent 
Carbo- 
hydrates 


Per  cent 
Ash 


1.0 
1.1 
1.0 

.9 
1.1 
1.0 

1.0 
1.2 
1.1 

.9 
1.1 
1.0 


1.0 
1.0 
1.0 

.9 
1.1 
1.0 

1.2 
1.3 
1.3 


1.1 
1.2 
1.1 


1.1 

.9 


1.2 
1.0 


.9 
1.1 
1.0 


Fuel  Value 


Calories 

per 
Pound 


1,130 
1,155 
1,145 

555 

775 
670 

530 
770 
640 

840 
1,630 
1,160 

735 

540 
655 
605 

520 
635 
520 

515 
635 
520 


945 

1,000 

975 

595 
810 
710 

620 
835 
735 


605 
805 
715 


Calories 
per  100 
Grams 


251 
256 
254 

123 

172 
148 

117 
171 
142 

186 
362 
257 
163 

120 
145 
134 

115 
141 
128 

114 
141 

128 


210 
222 
218 

132 
180 
157 

137 
185 
163 


134 

178 
158 
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Food  Materials 


ANIMAL  FOOD— Con 
Veal  Organs 

Heart,  as  purchased 

Kidnevs,  ju^  pureluused  : 

^Iinilnunl 

Maximum 

Average 

Liver,  as  purchased: 

Minimum 

Maximum 

Average 

Lungs,  as  purchased .... 

Lamb,  fresh 
Breast  or  chuck,  as  pur- 
chased   

Leg,  hind,  medium  fat: 

Minimum 

Maximum 

Average 

Leg,    hind,   fat:    as   pur- 
chased  

Leg,   hind,   very  fat:    as 

purchased 

Leg,  hind,  all  analyses:  as 

purchased 

Leg,  free  from  all  visible 

fat,  as  purchased 

Loin,  A\ithout  kidney  and 
tallow: 

Minimum 

Maximum 

Average 

Neck 

Shoulder 

Forequarter 

Hind  quarter 

Side,  without  tallow: 

Minimum 

Maximum 

Average 

Lamb,  cooked 
Chops,  broiled: 

Minimum 

Maximum 

Average 

Leg,  roast 

Lamb,  canned 
Tongue,  spiced    and 
cooked  


Per  cent 
Water 


73.2 

74.7 
76.8 
75.8 

72.4 
73.7 
73.0 
76.8 


45.5 

63.1 
64.7 
63.9 

47.3 

48.2 

50.3 

72.3 


48.6 
54.8 
53.1 
56.7 
51.8 
55.1 
60.9 

56.8 
60.0 
58.2 


43.4 
50.4 
47.6 
67.1 


67.4 


Percent 
Protein 


16.8 

16.6 
17.1 
16.9 

18.4 
19.6 
19.0 
17.1 


15.4 

18.7 
19.7 
19.2 

15.8 

16.4 

16.0 

25.3 


16.9 
20.2 
18.7 
17.7 
18.1 
18.3 
19.6 

17.0 
18.9 
17.6 


19.2 
25.2 
21.7 
19.7 


13.9 


Per  w»nt 
Fat 


9.6 

5.4 
7.4 
6.4 

4.0 
6.6 
5.3 
5.0 


19.1 

15.3 
17.6 
16.5 

23.7 

28.0 

19.7 

2.7 


25.1 
35.1 
28.3 
24.8 
29.7 
25.8 
19.1 

21.2 
25.7 
•23.1 


24.3 
34.7 
29.9 
12.7 


17.8 


P^oeni 
Cafbo- 
hydnUci 


Pv  oeot  Caloritti  Cftlork* 


Aah 


1.0 

1.3 

1.4 
1.3 

1.2 
1.3 
1.3 
1.1 


.8 

1.1 
1.2 
1.1 

.8 

.8 

.9 

1.4 

.8 
1.1 
1.0 
1.0 
1.0 
1.0 
1.0 

1.0 

LI 


1.1 

1.7 

1.3 

.8 


.5 


PviL  Valvb 


Pdund 


720 

645 
020 
A85 

535 
820 

575 
530 


1,090 

1,010 
1,090 
1,055 

1,205 

1,485 

1,130 

585 


1,420 
1,795 
1,540 
1,375 
1,500 
1,430 
1,170 

1.235 
1,400 
1,300 


1,405 

1,860 

1,665 

900 


1,010 


per  100 
Qfmmi 


160 

121 
137 
130 

118 
137 
127 
117 


242 

224 
242 
234 

287 

330 

251 

130 

315 
398 
342 
305 
353 
317 
260 

274 
311 


332 
413 
370 
200 


224 
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ANALYSTS    OF   AMERICAN    FOODS 


Food  Materials 


ANIMAL  FOOD— Cow. 
MiUton,  fresh 

Chuck,  lean 

Chuck,  medium  fat: 

Minimum 

Maximum 

Average 

Chuck,  fat: 

Minimum 

Maximum 

Average 

Flank,  medium  fat: 

Minimum 

Maximum , . . 

Average 

Leg,  hind,  lean: 

Minimum 

Maximum 

Average 

Leg,  hind,  medium  fat: 

Minimum 

Maximum 

Average 

Loin,   without  kidney  or 
tallow,  medium  fat: 

Minimum 

Maximum 

Average 

Loin,   without  kidney   or 
tallow,  fat: 

Minimum 

Maximum 

Average 

Neck,  medium  fat: 

Minimum 

Maximum 

Average 

Neck,  very  fat. . . .  . .  . . 

Shoulder,  lean 

Shoulder,  medium  fat: 

Minimum 

Maximum 

Average 

Shoulder,  fat 

Shoulder,  very  fat 

Forequarter: 

Minimum 

Maximum 

Average 


Per  cent 
Water 


64.7 

47.9 
56.7 
50.9 

37.6 
43.5 
40.6 

38.7 
51.2 
46.2 

66.6 
68.3 
67.4 

58.4 
65.3 
62.8 


44.9 
55.9 
50.2 


42.0 
44.3 
43.3 

54.7 
61.9 
58.1 
42.1 
67.2 

58.6 
65.2 
61.9 
53.0 

48.4 

37.2 
64.3 
52.9 


Per  cent 
Protein 


17.8 

14.4 
16.3 
15.1 

13.6 
14.0 
13.9 

12.4 
17.1 
15.2 

19.3 
20.2 
19.8 

17.4 
19.4 
18.5 


13.7 
19.6 
16.0 


14.5 
15.1 
14.7 

12.8 
20.0 
16.9 
13.9 
19.5 

16.6 
18.3 
17.7 
16.2 
15.6 

12.1 
17.2 
15.6 


Per  cent 
Fat 


16.3 

26.0 
37.4 
33.6 

42.5 
47.2 
44.9 

32.1 
45.0 
38.3 

11.9 
13.0 
12.4 

14.6 
22.5 
18.0 


25.9 
37.6 
33.1 


40.9 
43.3 
41.7 

17.8 
29.5 
24.6 
43.5 
12.9 

15.6 
24.3 
19.9 
30.3 
35.6 

17.1 
50.4 
30.9 


Per  cent 
Carbo- 
hydrates 


1.0 


Per  cent 
Ash 


.9 

.7 

1.2 

.6 

.7 
1.0 


.5 

.8 

.7 

1.0 
1.2 
1.1 

.9 
1.0 
1.0 


1.1 
1.0 

.8 
1.0 

.9 
.9 
.9 


.7 

1.1 

.9 


Fuel  Value 


Calories 

per 
Pound 


1,020 

1,400 
1,845 
1,700 

2,055 
2,245 
2,155 

1,670 
2,190 
1,900 

875 
920 
890 

955 
1,295 
1.105 


1,430 
1,860 
1,695 


1,995 
2,100 
2,035 

1,125 
1,540 
1,355 
2,095 
905 

1,115 
1,335 
1,170 
1,580 
1,790 

1,040 
2,350 
1,595 


Calories 
per  100 
Grams 


248 

311 
410 
377 

456 

498 
478 

371 

486 
422 

194 
204 
197 

212 

287 
245 


317 
413 
376 


443 

466 
452 

250 
342 
301 
465 
201 

247 
296 
260 
351 
397 

231 
522 
354 


CHEMICAL  COSH'OSITION  OF  AMKHICAN  FOODS 


Food  Materials 


ANIMAL  FOOD  -Con. 

Mutton,  fresh 

Hindquartcr: 

Minimum 

Maximum 

AveniRc^ 

Side,  including  tallow: 

Minimum 

Maximum 

Average 

Side,  not  including  tallow 

Minimum 

Maximum 

Average 

MiUtoriy  cooked 
Mutton,  leg  roast: 

Minimum 

Maximum 

Average 

Mutton,  organs 
Heart,  as  purchased: 

Minimum 

Maximum 

Average 

Kidney,  as  purchased: 

Minimum 

Maximum 

Average 

Liver,  as  purchased: 

Minimum 

Maximum 

Average 

Lungs,  as  purchased: 

Minimum 

Maximum 

Average 

Mvtton,  canned 

Corned,  as  purchased 

Tongue,  as  purchased . .  . . 

Pork,  fresh 
Chuck  ribs  and  shoulder: 

Minimum 

Maximum 

Average 

Flank: 

Minimum 

Maximum 

Average 


Per  rent 

\\'ttt<T 


40.4 

m.A 

54.S 

47.2 
55.9 
54.2 

38.8 
58.8 
53.6 


50.8 
51.0 
50.9 


67.4 
71.6 
69.5 

2.9 
3.9 
3.4 

52.7 
69.8 
61.2 

74.6 
77.1 
75.9 


45.8 
47.6 


50.3 
51.9 
51.1 

56.0 
60.7 
59.0 


Per  rf»nt 
Protein 


13.2 
18.2 
16.7 

14.5 
18.9 
16.3 

12.6 
17.4 
16.2 


23.3 

27.8 
25.0 


15.8 
18.0 
16.9 

1.7 
1.8 
1.8 

23.1 
24.2 
23.1 

19.0 
21.4 
20.2 


28.8 
24.4 


17.2 
17.3 
17.3 

17.2 
19.5 
18.5 


Per  cent 
Fat 


21.4 
46.1 
28.1 

14.7 
.38.0 
28.9 

23.3 

48.2 
29.8 


20.5 
24.6 
22.6 


11.9 
13.4 
12.6 

94.9 
95.8 
95.4 

4.7 

13.2 

9.0 

2.6 
2.9 

2.8 


22.8 
24.0 


30.4 
31.9 
31.1 

19.4 
26.9 
22.2 


Percent 
Carixy- 
hydrmiai 


2.1 
7.9 
5.0 


P^oentCtlorieiCdoriai 


Aflh 


.6 
1.0 

.8 

.7 

1.0 

.9 

.7 
.9 
.8 


1.2 
1.3 
1.2 


1.4 
2.0 
1.7 

1.2 
1.3 
1.2 


4.2 

4.8 


.9 
.9 
.9 

.9 
1.0 
1.0 


FuBL  Value 


Pound 


1.235 
2,190 
1,495 

965 
1,860 
1,520 

1,295 
2,265 
1,560 


1,380 
1,470 
1,420 


795 
890 
845 

4,035 
4,075 
4,060 

645 

1,155 

905 

475 
505 
495 


1,500 
1,465 


1,605 
1,665 
1,635 

1.180 
1.455 
1,290 


per  100 
Gnuni 


274 
486 
382 

214 
413 
337 

287 
508 
346 


306 
326 
315 


176 
197 
187 

806 
906 
902 

143 
256 
201 

105 
112 
110 


333 
325 


356 
370 


262 
323 
286 
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AN^ALYSIS    OF    AMEKICAISr    FOODS 


Food  Materials 


ANIMAL  FOOD— CoTi. 
Pork,  fresh 

Ham,  fresh,  lean: 

Minimum 

Maximmn 

Average 

Ham,  fresh,  medium  fat: 

Minimum 

Maximum 

Average 

Ham,  fresh,  fat: 

Minimum 

Maximum 

Average 

Ham,    fresh,    visible    fat 

largely  removed 

Head: 

Minimum 

Maximum 

Average 

Head  cheese: 

Minimum 

Maximum 

Average 

Loin  (chops),  lean 

Loin  (chops),  medium  fat: 

Minimum 

Maximum 

Average 


Per  cent 
Water 


fat: 


Loin  (chops) 
Minimum. . 
Maximum . 
Average.  .  . 

Loin,  tenderloin 

chased: 

Minimum. . 

Maximum . , 

Average. .  . , 


as  pur- 


Middle  cuts: 
Minimum. 
Maximum 
Average. . 


Shoulder: 

Minimum. 
Maximum 
Average.  . 


55.6 
64.4 
60.0 

37.3 
60.3 
53.9 

30.4 
44.3 

38.7 

64.5 

38.4 
50.5 
45.3 

38.1 
48.1 
43.3 
60.3 

49.1 
55.2 
52.0 


39.7 
46.7 
41.8 


62.4 

72.8 
66.5 


46.0 
49.4 

48.2 


44.0 
63.6 
51.2 


Per  cent 
Protein 


19.8 
30.2 
25.0 

9.9 
20.3 
15.3 

10.7 
14.2 
12.4 

19.2 

11.6 
14.5 
13.4 


Per  cent 
Fat 


11.3 
19.3 
14.5 


15.8 
20.5 
18.9 


15.7 
15.7 
15.7 


9.4 
17.4 
13.3 


13.0 
15.8 
14.4 

21.2 
39.4 

28.9 

43.8 
61.1 
50.0 

16.2 

34.5 
50.5 
41.3 


17.4 

27.4 

21.5 

40.5 

19.5 

33.8 

20.3 

19.0 

13.8 

25.0 

19.4 

35.2 

16.6 

30.1 

38.8 
48.6 
44.4 


9.3 
17.1 
13.0 


34.9 
38.8 
36.3 


18.5 
49.3 
34.2 


Per  cent 
Carbo- 
hydrates 


Per  cent 
Ash 


1.0 
1.6 
1.3 


1.3 


.6 

.8 

.7 

3.0 
3.4 
3.3 
1.0 


1.1 
1.0 


.9 
1.2 
1.0 


Fuel  Value 


Calories 

per 
Pound 


1,035 
1,110 
1,075 

1,225 
2,070 
1,505 

2,030 

2,825 
2,345 

1,040 

1,725 
2,350 
1,990 

1,555 
2,035 
1,790 
1,180 

1,415 

1,785 
1,580 


1,995 
2,260 
2,145 


770 

1,100 

900 


1,760 
1,925 
1.825 


1,105 
2,260 
1,690 


Calories 
per  100 
Grams 


230 
246 
238 

272 
460 
334 

451 
627 
521 

231 

383 
522 
442 

345 
452 
397 
262 

314 
397 
351 


443 
502 
476 


171 
244 
200 


391 
427 
405 


245 
502 
375 
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Food  Materials 


ANIMAL  FOOD— Con. 
Pork,  fresh 

Side,  lard  and  other  fat 
includtMi: 

Mininunn 

Maxinunn 

Average.  . 
Side,    not    incluiiing 
and  kidney: 

Minimum 

Maximum 

Average 


lard 


Clear  backs: 

Minimum 

Maximum 

Average 

Clear  bellies: 

Minimum 

Maximum 

Average 

Back,  fat,  as  purchased: 

Minimum 

Maximum 

Average 

Bellj^  fat,  as  purchased: 

Minimum 

Maximum 

Average 

Ham  fat,  as  purchased: 

Minimum 

Maximum 

Average 

Jowl  fat,  as  purchased: 

Minimum 

Maximum 

Average 

Feet: 

Minimum 

Maximum 

Average 

Tails: 

Minimum 

Maximum 

Average 

Trimmings: 

Minimum 

Maximum 

Average 


Percent 
Water 


26.2 
31.8 
29.4 


29.4 
43.1 
34.4 


20.2 
32.3 
25.1 

21.5 
37.3 
31.4 

5.5 

10.5 

7.7 

11.0 
16.7 
13.8 

8.3 

10.2 

9.1 

13.3 
21.2 
16.0 

50.7 
61.3 
55.4 

11.5 
25.8 
17.4 

16.5 
29.7 
23.3 


Per  cent 
Protein 


8.4 
9.9 
9.4 


7.1 

11.0 

9.1 


4.9 

8.4 
6.4 

3.5 

8.8 
6.9 

3.2 
4.1 
3.6 

3.9 
6.1 
5.2 

3.1 
3.7 
3.5 


Per  cent 
Fat 


59.  1 
65.0 
61.7 


44.0 
()4.4 
55.3 


o7.S 
74.4 
67.6 

52.1 
74.0 
60.4 

86.7 
92.4 
89.9 

78.6 
85.6 
81.9 

87.2 
89.2 
88.0 


5.1 
6.9 
5.9 

72.8 
82.2 

78.8 

8.3 
19.2 
15.8 

17.4 

31.5 
26.3 

2.9 
6.8 

4.8 

67.2 

84.7 
77.1 

3.9 
7.2 
5.4 

62.1 
78.9 
70.2 

Permit 
CartK>> 
hydratM 


PeroeiitCakirieiCaloriM 


Aah 


Fuel  Valub 


per 
Pound 


2,(J75 
2,025 
2,780 


2,060 
2,880 
2,505 


2,505 
3.235 
2,070 

2,380 
3,500 
2,675 

3,730 
3,055 
3,860 

3,430 
3,685 
3,555 

3,740 
3,825 
3,780 

3,200 
3,575 
3,435 

1,000 
1,630 
1,405 

2,040 
3,630 
3,340 

2,750 
3,465 
3,060 


per  100 
GmnM 


594 
660 
617 


457 
640 
506 


576 
718 
660 

524 
707 

828 
878 
857 

762 
818 
700 

831 
850 
840 

711 
704 
763 

242 
362 
312 

653 
806 
742 

611 
770 


47 
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ANALYSIS    OF    AMERICAiN'    FOODS 


Food  Materials 


ANIMAL  FOOD— Con. 
Pork,  organs,  etc. 

Brains,  as  purchased.  . .  . 

Heart,  as  purchased 

Kidneys,  as  purchased: 

Minimum 

Maximum 

Average 

Liver,  as  purchased 

Lungs,  as  purchased 

Marrow,  as  purchased: 

Minimum 

Maximum 

Average 

Skin,  as  purchased: 

Minimum 

Maximum 

Average 

Pork,   'pickled,   salted,  and 

smoked 
Ham,  smoked,  lean: 

Minimum 

Maximum 

Average 

Ham,     smoked,     medium 
fat: 

Minimum 

Maximum 

Average 

Ham,  smoked,  fat: 

Minimum 

Maximum 

Average 

Ham,  smoked,   boiled,  as 
purchased : 

Minimum 

Maximum 

Average.- 

Ham,    smoked,    fired,    as 

purchased 

Ham,  boneless,  raw: 

Minimum 

Maximum 

Average 

Ham,  luncheon,  cooked: 

Minimum 

Maximum 

Average 


Per  cent 

Per  cent 

Water 

Protein 

75.8 

11.7 

75.6 

17.1 

76.1 

15.2 

79.5 

15.9 

77.8 

15.5 

71.4 

21.3 

83.3 

11.9 

13.2 

1.5 

16.7 

3.2 

14.6 

2.3 

35.5 

18.5 

55.4 

33.3 

46.3 

26.4 

49.5 

19.5 

57.4 

20.2 

53.5 

19.8 

34.7 

12.5 

45.6 

22.9 

40.3 

16.3 

22.4 

12.0 

34.9 

19.5 

27.9 

14.8 

39.2 

18.1 

63.4 

22.2 

51.3 

20.2 

36.6 

22.2 

40.3 

10.0 

55.9 

17.3 

50.1 

14.9 

47.8 

19.5 

50.5 

25.5 

49.2 

22.5 

Per  cent 
Fat 


Per  cent 
Carbo- 
hydrates 


10.3 
6.3 

4.1 
5.5 
4.8 
4.5 
4.0 

78.4 
84.5 
81.2 

14.4 
35.3 
22.7 


17.0 
24.4 
20.8 


30.3 
44.7 

38.8 


42.0 
56.8 
52.3 


7.8 
37.0 
22.4 

33.2 

17.3 
38.9 
28.5 

19.4 
22.7 
21.0 


1.4 


Per  cent 
Ash 


1.6 
1.0 

1.2 
1.2 
1.2 
1.4 


5.4 

5.8 
5.5 


2.7 
7.4 

4.8 


.6 
6.5 
3.7 


5.6 
6.6 
6.1 

5.8 

4.4 
6.6 
6.0 

5.0 
6.7 

5.8 


Fuel  Value 


Calories 
per 


Calories 
per  100 
Pound    Grams 


655 
585 

455 
530 
490 
615 
390 

3,360 
4,095 
3,470 

1,140 
1,860 
1,450 


1,080 
1,405 
1,245 


1,690 
2,145 
1,940 


2,135 
2,652 

2,485 


740 
1,900 
1,320 

1,815 

1,052 
1,930 
1,480 

1,290 
1,320 
1,305 


145 
130 

101 
117 
108 
136 

86 

776 
910 
771 

253 
413 
322 


240 
312 
276 


375 
476 
431 


474 
589 
552 


164 
122 
293 

403 

233 

428 
328 

286 
293 
290 
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Food  Mateiuals 


ANIMAL  FOOD— Con 

Pork,   pickled,  salted,  and 

smoked 

Shoulder,  smokwl,  medi- 
um fat: 

Minimum 

Maximum 

Average 

Shoulder,  smoked,  fat: 

Minimimi 

Maximum 

Average 

Pigs'  tongues,  pickled: 

Minimum 

Maximum 

Average 

Pigs'  feet,  pickled: 

Minimum 

Maximum 

Average 

Dry-salted  backs: 

Minimum 

Maximum 

Average 

Dry-salted  beUies: 

Minimum 

Maxim_um 

Average 

Salt  pork,  clear  fat,  as  pur- 
chased: 

Minimum 

Maximum 

Average 

Salt  pork,  lean  ends: 

Minimum 

Maximum 

Average 

Bacon,  smoked,  medium 
fat: 

Minimum 

Maximum 

Average 

Bacon,  smoked,  lean: 

Minimum 

Maximum 

Average 

Bacon,  smoked,  all  analy- 
ses: 

As  purchased 


Percent 
Water 


41.5 
49.6 
45.0 

22.0 
30.4 
26.5 

51.8 
65.4 
58.6 

61.7 
74.7 
68.2 

17.0 
17.6 
17.3 

17.2 
18.1 
17.7 


.3 

12.2 
7.9 

18.2 
22.2 
19.9 


7.7 
26.9 

18.8 

30.8 
32.7 
31.8 


18.4 


Percent 

Protein 


14.2 
17.1 
15.9 

14.2 
15.9 
15.1 

17.0 
18.3 
17.7 

12.S 
19.8 
16.3 

6.7 

8.7 
7.7 

8.3 
8.5 
8.4 


.2 
5.0 
1.9 

7.7 
9.S 

8.4 


6.3 

18.0 

9.9 

13.4 
17.6 
15.5 


9.5 


I*crocnt 
Fat 


28.8 

:J5.0 

32.6 

40.0 
58.2 
53.6 

16.5 
23.1 
19.8 

11.5 
18.1 
14.8 

71.6 
73.8 
72.7 

71.5 
72.9 
72.2 


80.3 
94.1 
86.2 

62.3 
69.8 
67.1 


57.4 
79.7 
67.4 

40.0 
45.2 
42.6 


50.4 


Percent 
Carbo 
hydraim 


PteoentCdorieiCakMiM 


Aah 


5.5 
8.2 
6.7 

4.7 
5.7 
5.2 

.5 
6.7 
3.6 

.9 

1.0 

.9 

2.2 
3.5 
2.8 

3.2 
3.6 
3.4 


2.6 
5.0 
3.9 

5.3 
6.1 
5.7 


2.7 
7.9 
4.4 

5.7 
16.3 
11.0 


4.5 


Fuel  Vauhi 


Pound 


1,480 
1,780 
1,665 

2,365 
2,720 
2,545 

1,015 
1,310 
1,165 

725 

1,130 

930 

3,180 
3,240 
3,210 

3.170 
3,235 
3,200 


3,505 
3,975 
3,670 

2,810 
3,100 
2,985 


2,665 
3,480 
3,030 

1,940 
2,435 
2,065 


2,685 


per  100 
Gruna 


906 
370 

525 
604 
565 

225 
291 
258 

161 
231 
206 

706 
720 
713 

704 
718 
711 


778 
883 

815 

624 
688 

668 


502 
775 
673 

431 
541 
463 


506 
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a:n^alysis  of  amekica^^  foods 


Food  Materials 


ANIMAL  FOOD— Con. 

Pork,  pickled,   salted,  and 

smoked 

Ribs,  cooked,  as  purchased 
Steak,    cooked,     as    pur- 
chased  

Pork,  canned 
Brawn,   boars'   brains,   as 
purchased: 

Minimum 

Maximum 

Average 


Boars'  heads,  as  purchased 

Minimum 

Maximum 

Average 

Ham,     deviled,     as    pur- 
chased: 

Minimum 

Maximum 

Average 

Sausage 

Aries,   as  purchased 

Banquet,   as  purchased.. . 
Bologna: 

Minimum 

Maximum 

Average 

Farmer,  as  purchased. . . . 
Frankfort,  as  purchased: 

Minimum 

Maximum 

Average 

Holsteiner,  as  purchased.. 
Lyons,  pure  ham  as  pur- 
chased  

Pork,  as  purchased: 

Minimum 

Maximum 

Average 

Pork    sausage    meat,    as 

purchased 

Pork    and    beef    chopped 
together,  as  purchased. 
Salami : 

Minimum 

Maximum 

Average 


Per  cent 
Water 


33.6 
33.2 


44.3 
53.7 
49.0 


50.5 
60.1 
55.3 


38.4 
49.4 
44.1 

16.3 
61.7 

53.5 
67.0 
60.0 
22.2 

40.3 
64.8 
57.2 
25.1 

29.2 

25.7 
54.4 
39.8 

46.2 

55.4 

28.6 
32.4 
30.5 


Per  cent 
Protein 

Per  cent 
Fat 

24.8 

37.6 

45.4 

20.1 
30.3 
25.2 

12.9 
33.2 
23.0 

19.8 
21.6 
20.7 

19.3 
25.0 
22.2 

16.5 
21.4 
19.0 

29.5 
38.9 
34.1 

25.4 
18.0 

48.0 
15.4 

15.3 
21.2 
18.7 
27.9 

11.1 
24.0 
17.6 
40.4 

14.6 
26.9 
19.6 

28.7 

14.8 
25.9 
18.6 
36.5 

29.1 

24.5 

7.3 
19.0 
13.0   • 

28.2 
56.8 
44.2 

17.4 

32.5 

19.4 

24.1 

23.4 
24.9 
24.1 

37.8 
42.0 
39.9 

Per  cent 
Carbo- 
hydrates 


2.4 
8.6 
1.1 
3.3 


8.6 
1.1 


Per  cent 
Ash 


2.2 

1.5 


4.3 

4.9 
4.6 


2.8 
3.8 
3.3 


2.3 
4.4 
3.3 

6.9 
3.6 

3.0 
5.2 
3.7 
7.3 

.7 
8.1 
3.4 
4.2 

7.2 

1.0 

2.7 
2.2 

3.4 

1.0 

6.9 
7.1 
7.0 


Fuel  Value 


Calories 

per 
Pound 


2,050 


2,285 


1,110 
1,775 
1,440 


1,180 
1,455 
1,320 


1,610 
1,975 
1,790 

2,495 
985 

820 
1,320 
1,095 
2,225 

985 
1,595 
1,170 
2,135 

1,575 

1,485 
2,635 
2,125 

1,695 

1,380 

2,055 
2,205 
2,130 


Calories 
per  100 
Grams 


455 
507 


246 
394 
320 


262 
323 
293 


357 

438 
397 

554 
218 

182 
293 
243 
494 

218 
354 
260 
474 

350 

330 

585 
172 

376 

306 

456 
490 
473 
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Per  rent 
Water 

Per  cent 
l*rotcin 

Per  cent 
Fat 

Per  cent 
(arfoo- 

IVroent 
Aih 

PUBL  VaUJB 

Food  Material 

pv     per  100 
Pound  Qnam 

ANIMAL  FOOD-Con. 

Sausage 
Summer: 

Minimum 

20.0 
25.0 

2:^.2 

46.4 
43.9 

72.2 
76.3 

74.8 

54.1 
70.7 
63.7 

38.5 

49.5 
66.1 
55.5 

72.5 

72.0 

69.3 

73.8 
62.6 

62.7 

68.6 
69.6 

59.9 
62.1 
67.5 
52.0 

65.0 

46.9 

47.4 
57.7 
66.9 

23.5 
29.4 
26.0 
20.1 
28.0 

19.0 
25.4 
21.5 

15.5 
21.8 
19.3 

13.4 

19.0 
24.9 
21.1 

24.7 

20.7 

22.4 
19.6 
16.6 

20.5 

16.8 
22.9 

27.0 
21.8 
17.6 

27.8 

20.8 

20.7 
22.4 

21.8 

43.0 
45.7 
44.5 
33.1 
22.1 

1.6 
4.0 
2.5 

9.7 
28.3 
16.3 

29.8 

8.7 
30.7 
22.9 

1.4 

5.5 

4.2 

5.8 

15.9 

14.5 

13.2 
5.2 

11.5 
10.9 
11.5 
18.4 

10.8 

30.0 

29.2 

10.2 

8.0 

L6 

• 

2.4 
3.7 
1.2 

.6 

3.'8 
2.4 

5.5 

7.6 
1.7 

7.3 
8.0 
7.7 
3.2 
4.4 

1.0 
1.4 
1.1 

.8 
1.5 
1.0 

.7 

.9 
1.3 
1.0 

1.4 

1.4 

1.7 
1.0 
1.2 

1.1 

1.0 
1.7 

1.3 
1.4 
1.0 
1.2 

1.6 

2.6 

2.7 
2.1 
1.6 

2,280 
2,480 
2,360 
1,770 
1,485 

440 
550 
505 

770 
1,520 
1,045 

2,505 

830 
1,650 
1,360 

520 

615 

010 

610 

1,050 

1,015 

870 
655 

985 

935 

855 

1,295 

870 

1,655 

1.615 
985 
775 

ao6 

Maximum 

533 

Average. 

524 

Tongue,  f\s  purcluused .... 
Wienerwurst,  a.s  purehascd. 
Poultry  and  Game^  fresh 
Chicken,  broilers: 

Minimum 

393 
330 

97 

Maximum 

122 

Average 

112 

Fowls: 

Minimum 

171 

Maximum 

337 

Average 

232 

Goose,     young,     as    pur- 
chased  

556 

Turkey: 

Minimum 

184 

Maximum 

366 

Average 

302 

Chicken  gizzard,   as  pur- 
chased  

115 

Chicken    heart,    as    pur- 
chased  

136 

Chicken    hver,     as    pur- 
chased  

142 

froose  firizzard 

135 

Goose  hver,  as  purchased. 
Turkey    gizzard,   as  pur- 
chased  

233 
225 

Turkey     heart,    as     pur- 
chased   

193 

Turkey  liver,  as  purchased 
Poultry  and  Game,  cooked 
r^anon                         

145 
218 

Capon  with  stuffing 

Chicken,  fricasseed 

Tnrkev  roast        

207 
145 
287 

Turkey,   roast,   light  and 

dark  meat  and  stuffing. 

Poultry  and  Game,  canned 

Chicken,      sandwich,      as 

niirohflsed         

193 
367 

Turkey,  sandwich,  as  pur- 

/•ViQQpn                  

358 
218 
172 

Plover,  roast,  as  purchased 
Quail,  as  purchased 
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A^^ALYSIS    OF    AMERICAN    FOODS 


Food  Materials 


ANIMAL  FOOD— Con. 

Fish,  fresh 
Alewife,  whole: 

Minimum 

Maximmn 

Average 

Bass,  black,  whole: 

Minimum 

Maximum 

Average 

Bass,  red,  whole,  as  pur 

chased 

Bass,  sea,  whole,  as  pur- 
chased  ' 

Bass,  striped,  whole: 

Minimum 

Maximum 

Average 

Blackfish,  whole: 

Minimum 

Maximum 

Average 

Blackfish,      entrails      re- 
moved,  as  purchased: 

Minimum 

Maximum 

Average ... 

Buffalo   fish,    entrails   re- 
moved, as  purchased . . 
Butter-fish,  whole,  as  pur- 
chased  

Catfish,  as  purchased .... 
Ciscoe,  whole: 

Minimum 

Maximum 

Average 

Ciscoe,  entrails  removed, 
as  purchased: 

Minimum 

Maximum 

Average 

Cod,  whole: 

Minimum 

Maximum 

Average 

Cod,  sections: 

Minimum 

Maximum 

Average 

Cod,  steaks 


Per  cent 
Water 


73.0 
75.9 
74.4 

74.8 
78.6 
76.7 

29.8 

34.8 

75.8 
79.6 

77.7 

76.9 
81.4 
79.1 


33.5 
36.4 
35.0 

37.3 

40.1 
51.7 

72.3 
76.1 
74.0 


62.4 

68.8 
65.6 

80.7 
83.5 

82.6 

81.8 
83.5 
82.5 
79.7 


Per  cent 
Protein 


19.0 
19.7 
19.4 

19.4 
21.7 
20.6 

6.2 

8.7 

17.1 
19.5 
18.6 

17.6 
19.3 

18.7 


8.0 

8.8 
8.4 

8.5 

10.3 
11.6 

17.7 
19.3 
18.5 


15.3 

17.2 
16.3 


Per  cent 
Fat 


3.8 
6.0 
4.9 

1.0 
2.5 

1.7 

.2 

.2 

1.6 
4.6 

2.8 

.6 

2.8 
1.3 


.4 

.7 
.5 

1.1 

6.3 
16.6 

3.5 
9.2 

6.8 


7.2 
7.8 
7.5 


15.5 
18.3 
16.5 

.3 
.5 
.4 

15.6 
17.7 
16.7 
18.7 

.1 
.5 
.3 
.5 

Per  cent 
Carbo- 
hydrates 


Per  cent 
Ash 


1.4 
1.5 
1.5 

1.2 
1.2 
1.2 

.4 

.6 

.9 
1.4 
1.2 

.6 
1.4 
1.1 


.6 
.7 

.9 
1.3 
1.1 


1.0 
.9 

1.0 
1.4 
1.2 


1.0 

.9 

1.2 


Fuel  Value 


Calories 

per 
Pound 


515 
620 
570 

405 
510 
455 

125 

170 

405 
530 
465 

350 
475. 
405 


125 
205 
175 

205 

460 
915 

505 
715 
630 


615 
625 
620 

300 
370 
325 

300 
335 
325 
370 


Calories 
per  100 
Grams 


114 
137 
126 

90 
113 
101 

27 

37 

90 
118 
103 

77 

105 

90 


27 
45 
38 

45 

102 
203 

112 
158 
140 


136 

138 
137 

66 

82 
72 

66 
74 

72 
82 
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Food  Materials' 


ANIMAL  FOOD— Con 
Fish,  fresh 

Cusk,  entrails  removed. . 
Et^ls,  salt  water,  head,  skin 
and  entrails  removed: 

Minimum 

Maximum 

Average 

As  purchased: 

Minimum 

Maxinuun 

Average 

Flounder,  whole: 

Minimmn 

Maximum 

Average 

Haddock,      entrails      re- 
moved: 

Minimum 

Maximum 

Average 

Hake,    entrails    removed, 

as  purchased 

Halibut,    steaks    or    sec- 
tions : 

Minimum 

Maximum 

Average 

Herring,  whole: 

Minimum 

Maximum 

Average 

Kingfish,  whole 

Lamprey,  whole 

Mackerel,  whole: 

Minimum —   

Maximum 

Average 

Mackerel,      entrails      re- 
moved, as  purchased . . . 

Mullet,  whole 

Muskellunge,  whole 

Perch,  white,  whole: 

Minimum 

Maximum 

Average 

Perch,    pike    (wall-eyed 
pike) 


Per  cent 
Water 


82.0 


69.8 
73.4 
71.6 

54.9 
59.4 
57.2 


83.4 
85.0 

84.2 


80.3 
82.6 
8L7 

39.5 


70.1 
79.2 
75.4 

69.0 
76.0 
72.5 
79.2 
7L1 

64.0 

78.7 
73.4 

43.7 
74.9 
76.3 

75.6 
75.8 
75.7 

79.7 


Per  rent 
Protein 


17.0 


17.8 
19.3 
18.6 

14.4 
15.2 
14.6 


13.3 
14.9 
14.2 


16.3 
18.6 
17.2 

7.3 


17.5 
19.7 
18.6 

19.1 
19.8 
19.5 
18.9 
15.0 

17.5 
19.5 
18.7 

11.6 
19.5 
20.2 

18.0 
20.6 
19.3 

18.6 


Per  rent 
Fat 


7.0 

10.3 

9.1 

6.4 
8.1 
7.2 


2.2 

10.6 

5.2 

3.2 
11.0 

7.1 

.9 

13.3 

2.2 

16.3 

7.1 

3.5 
4.6 
2.5 

2.5 
5.6 
4.0 


Pit  eent 
( 'arU>- 
hydntM 


Percent  CtloriedCalorki 


Aih 


.0 
1.1 
1.0 

.7 
.9 
.8 


L2 
L3 
1.3 


LO 
1.6 
1.2 


.9 
1.1 
1.0 

1.5 
1.6 
1.5 
1.2 
.7 

1.0 
1.5 
1.2 

.7 
1.2 
1.6 

1.1 
1.3 
1.2 

1.4 


Finn  VAum 


Pound 


per  100 
QruM 


666 
705 
790 

640 
626 
680 


280 
305 
290 


315 
355 
335 

150 


420 
790 
565 

505 
820 


840 

430 
,015 
615 

365 
555 
480 

490 
570 
530 

366 


72 


147 
176 
102 

120 
138 
128 


62 
67 
64 


70 
78 
74 

33 


n 

175 
125 

112 
182 
146 
86 
186 

05 
232 
143 

81 
123 
106 

108 
126 
117 

81 
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ANALYSIS    OF    AMERICA:N^    FOODS 


Food  Materials 


ANIMAL  FOOD— Cori. 
Fish,  fresh 

Perch,  yellow,  whole: 

Minimum 

Maximum 

Average 

Pickerel,  pike,  whole: 

Minimum 

Maximum 

Average 

Pike,  gray,  whole 

Pollock,  dressed 

Pompano,  whole: 

Minimum 

Maximum 

Average 

Porgy,  whole: 

Minimum 

Maximum 

Average 

Red  grouper,  entrails  re 
moved: 

Minimum 

Maximum 

Average 

Red  snapper,  whole: 

Minimum 

Maximum 

Average 

Salmon,  whole: 

Minimum 

Maximum 

Average 

Salmon,  landlocked,  whole 
spent: 

Minimum 

Maximum 

Average 

Salmon,     California,     an- 
terior sections: 

Minimum 

Maximum 

Average 

Shad,  whole: 

Minimum 

Maximum 

Average 

Shad  roe,  as  purchased.  . 


Per  cent 
Water 


78.1 
80.4 
79.3 

79.5 
79.9 
79.8 
80.8 
76.0 

67.4 

78.2 
72.8 

72.0 
79.7 
75.0 


79.0 
79.9 
79.5 

77.4 

79.8 

78.5 

61.0 
69.5 
64.6 


75.3 
79.2 

77.7 


62.7 
64.5 
63.6 


65.2 
73.6 
70.6 
71.2 


Per  cent 
Protein 


17.8 
19.7 
18.7 

18.4 
19.0 
18.7 
17.9 
21.6 

18.4 
19.3 

18.8 

17.4 
19.4 
18.6 


18.7 
19.8 
19.3 

19.3 
20.2 
19.7 

19.4 
25.2 
22.0 


16.6 
19.1 

17.8 


17.0 
18.6 
17.8 


18.1 
20.1 
18.8 
20.9 


Per  cent 
Fat 


.6 
1.1 


1.6 

13.5 

7.5 

1.5 
7.9 
5.1 


.5 

.7 
.6 

.5 
1.9 
1.0 

10.2 
15.0 
12.8 


2.0 
4.4 
3.3 


16.5 
19.2 
17.8 


6.5 

13.6 

9.5 

3.8 


Per  cent 
Carbo- 
hydrates 


2.6 


Per  cent 
Ash 


1.1 
1.3 
1.2 

1.1 
1.2 
1.1 
1.1 
1.5 

1.0 
1.0 
1.0 

1.3 
1.4 
1.4 


1.1 
1.2 
1.1 

1.3 
1.3 
1.3 

1.1 
1.6 
1.4 


1.1 
1.2 
1.2 


1.0 
1.1 
1.1 


.9 
1.5 
1.3 
1.5 


Fuel  Value 


Calories 

per 
Pound 


355 
410 
380 

365 
375 
370 
365 
435 

425 
910 
665 

385 
685 
560 


370 
395 
385 

380 
445 
410 


790 

1,035 

950 


395 
500 
470 


1,040 
1,125 
1,080 


635 
945 
750 
600 


Calories 
per  100 
Grams 


78 
91 

84 

81 

83 
82 
81 
96 

94 
202 
147 

85 
152 
124 


82 
87 
85 

84 
98 
91 

175 
230 
211 


87 
111 
104 


231 
250 
240 


141 
210 
166 
133 
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Food  Materials 


ANIMAL  FOOn-ron. 

Fi'<h,  fresh 

Shoci)shead,  whole: 

Minimum 

Maximum 

Average 

Skate,  lobe  of  body 

Smelt,  whole: 

Minimum 

Maximum 

Average 

Spanish  maekerel,  whole.. 
Sturgeon,  anterior  sections 

Tomcod,  whole 

Trout,  brook,  whole: 

Minimum 

Maximum 

Average 

Trout,  salmon  or  lake: 

Minimum 

Maximum 

Average 

Turbot 

Weak  fish,  whole 

Whitefish 

Fish,  cooked 

Bluefish,  cooked 

Spanish  maekerel,  broiled. 
Fish,  preserved  and  canned 
Cod,  salt: 

Minimum 

Maximum 

Average 


Cod,  salt  "boneless": 

Minimum 

Maximum 

Average 

Haddock,  smoked 

Halibut,  smoked: 

Minimum 

Maximum 

Average 

Herring,  smoked 

Lamprey,  canned 

Mackerel,  salt,  entrails  re- 
moved  

Mackerel,  salt,  canned,  as 
purchased 


Per  cent 
Water 


72.0 
70.1 
75.6 
82.2 

78.2 
.S0.2 
79.2 
6K.1 
7S.7 
8L5 

75.8 
79.8 
77.8 

68.8 
72.9 
70.8 
71.4 
79.0 
69.8 

68.2 
68.9 


53.5 
53.6 
53.5 


54.4 
55.7 
55.0 
72.5 

47.7 
5.11 
49.4 
34.6 
63.3 

42.2 

68.2 


Perccnt'lNTernt 


Protein 


19.4 
20.S 
20.1 
18.2 


Fat 


24.9 
25.9 
25.4 


26.3 
28.2 
27.3 
23.3 

18.5 
23.0 
20.7 
36.9 
16.9 

21.1 

19.6 


16.5 

1.6 

18.7 

1.9 

17.6 

1.8 

21.5 

9.4 

18.1 

1.9 

17.2 

.4 

18.6 

.8 

20.3 

2.9 

19.2 

2.1 

17.6 

8.1 

17.9 

12.6 

17.8 

10.3 

14.8 

14.4 

17.8 

2.4 

22.9 

6.5 

25.9 

4.5 

23.7 

6.5 

.7 
6.7 
3.7 
1.4 


.3 
.3 
.3 
.2 

14.4 
15.6 
15.0 
15.8 
12.2 

22.6 

8.7 


Porrent 
( 'iirl»f>- 
hydrmica 


3.6 


PeroBQtCtloriaiCalorini 


Aah 


1.1 
1.3 
1.2 
1.1 

1.4 
2.0 
1.7 
1.5 
1.4 
1.0 

1.0 
1.4 
1.2 

1.0 
1.3 
1.2 
1.3 
1.2 
1.6 

1.2 
1.4 


24.4 
25.0 
24.7 


14.9 

23.1 

19.0 

3.6 

14.9 
15.2 
15.0 
13.2 
4.0 

13.2 

3.2 


FvBL  Vautb 


Pound 


390 
670 
530 
400 

385 
415 
405 
795 
415 
335 

385 
500 
445 

675 
860 
765 
885 
430 
700 

670 
715 


405 
420 
410 


per  100 
Onung 


425 
555 
490 
440 

1.000 
1,035 
1,020 
1355 
805 

1^45 

730 


m 

148 

117 

88 

85 

92 
90 
176 
92 
74 

85 

Ul 

96 

150 
191 
170 
196 
95 
155 

148 
158 


90 
93 
91 


94 
123 
108 

97 

222 
230 
226 
301 
198 

298 

162 


I 
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a:n^alysis  of  American  foods 


Food  Materials 


ANIMAL  FOOD— Con 
Fish,  preserved  and  canned 

Mackerel,  salt,  canned  in 

oil 

Mackerel,  salt,  dressed: 

Minimum 

Maximima 

Average 

Minogy,  pickled,  canned.. 
Pilchard  in  tomatoes, 
canned,  Russian,  as  pur- 
chased  

Salmon,  canned: 

Minimum 

Maximum 

Average 

Sardines,  canned: 

Minimum 

Maximum 

Average 

Sturgeon,  dried,  Russian, 

as  purchased 

Trout,  brook 

Tunney,  as  purchased. .  . . 
Tunney,    canned    in    oil, 

Russian 

Amphibia 
Frogs'  legs: 

Minimum 

Maximum 

Average 

As  purchased: 

Minimum 

Maximum 

Average 

Shellfish,  fresh 
Clams,  long,  in  shell: 

Minimum 

Maximum 

Average 

Clams,  round,  in  shell. .  . . 
Crabs,  hardshell,  whole. . . 
Crayfish,  abdomen,  whole. 

Lobster,  whole: 

Minimum 

Maximum 

Average 

Mussels,  in  shell 


Per  cent 
Water 


58.3 

43.2 
43.6 
43.4 
56.5 


52.7 

57.5 
67.1 
63.5 

48.2 
56.4 
52.3 

44.1 

68.4 

72.7 

51.3 


81.2 
86.2 
83.7 

54.8 
59.1 
56.9 


85.0 
86.1 
85.8 
86.2 
77.1 
81.2 


68.6 
84.3 
79.2 
84.2 


Per  cent 
Protein 


25.4 

16.6 
17.9 
17.3 
22.0 


27.9 

19.5 
24.3 

21.8 

21.2 
24.9 
23.0 

27.8 
22.3 
21.7 

23.8 


13.2 
17.7 
15.5 

19.1 
12.0 
10.5 


8.1 
9.0 
8.6 
6.5 
16.6 
16.0 


11.6 
25.4 
16.4 

8.7 


Per  cent 
Fat 


14.1 

24.9 
27.9 
26.4 
18.6 


15.8 

5.3 
21.5 
12.1 

12.7 
26.7 
19.7 

8.4 
6.1 
4.1 

20.0 


1.0 
1.2 
1.0 

.4 
2.0 

.5 


1.5 
2.5 
1.8 
1.1 


Per  cent 
Carbo- 
hydrates 


1.6 
2.5 
2.0 
4.2 
1.2 
1.0 


.9 

.4 

4.1 


Per  cent 
Ash 


4.1 

12.0 

13.8 

12.9 

3.0 


4.0 

1.8 
3.5 
2.6 

5.6 
5.7 
5.6 

6.7 
3.7 
1.7 

4.3 


1.2 
1.0 


2.0 
3.0 
2.6 
2.7 
3.1 
1.3 


1.6 
4.0 
2.2 
1.9 


Fuel  Value 


Calories 

per 
Pound 


1,065 

1,345 
1,485 
1,435 
1,195 


1,185 

675 

1,270 

915 

1,000 
1,520 
1,260 

870 
670 
575 

1,300 


255 
355 

295 

175 
225 
200 


225 
255 
240 
215 
415 
340 


345 
555 
390 

285 


CHEMICAL  COMPOSITION  OF  AMKIUCAN   FOODS      725 


Food  Materials 


ANIMAL  FOOD— ron. 

Shelljish,  fresh 
Oysters,  in  slidl: 

Miiiiimim 

Maxiinuin 

Average* 

Oysters,    solids,    as    pur- 
chased : 

MiiiiinuiM 

Maxiiiium 

Average 

Scallops,  JUS  purchased: 

Minimum 

Maximum 

Average 

Terrapin 

Turtle,  green,  whole 

Shellfish,  etc.,  canned 
Clams,  long,  as  purchased. 
Cliims,     round,     as    pur- 
chased  

Crabs,  as  purchased: 

MiniiTium 

Maxiiiium 

Average 

Lobster,  as  purchased: 

Minimum 

Maximum 

Average 

Oysters,  as  purchased: 

Minimum 

Maximum 

Average 

Shrimp,  as  purchased .  . 

Eggs 
Hens',  uncooked*: 

Minimum 

Maximum 

Average 

Hens',  boiled: 

Minimum 

Maximum 

Average 

As  purchased 


Pcrcont 
WaUr 


S1.7 
Jn.4 
Sfi.9 


.S2.2 
92.4 
88.3 

77.8 
82.8 
80.3 
74.5 
79.8 

84.5 

82.9 

78.9 
8L0 
80.0 

76.2 
79.4 

77.8 

78.1 
86.0 
83.4 
70.8 


07.2 
75.8 
73.7 

68.6 
79.9 
73.2 
65.0 


Per  cent 
Protein 


Percent 
Fat 


4.2 

lO.U 

0.2 


7.3 
6.G 

14.5 
15.1 
14.8 
21.2 
19.8 

9.0 

10.5 

15.6 
16.0 
15.8 

16.7 
19.5 
18.1 

7.0 
13.0 

8.8 
25.4 


11.6 
16.0 
13.4 

10.0 
15.6 
13.2 
11.7 


.0 
1.9 
1.2 


LS 
1.3 


.3 

.1 

3.5 

.5 

1.3 

.8 

.8 
2.3 
1.5 

.5 
1.7 
1.1 

2.0 
3.4 
2.4 
1.0 


8.6 
15.1 
10.5 

9.1 
14.7 
12.0 
10.7 


PBTOBIli 

Carbo- 


iyoHitCiaori«ajori» 


l.K 
6.7 
3.7 


L5 
0.2 
3.3 

1.1 
5.0 
3.4 


2.9 

3.0 

.7 
.8 
.7 

.5 
.6 
.5 

2.0 

5.2 

3.9 

.2 


Aih 


1.2 
2.8 
2.0 


.7 
2.5 
1.1 

1.3 
L5 
1.4 
1.0 
1.2 

2.3 

2.8 

1.8 
2.1 
2.0 

2.1 

2.8 

.5 

1.2 
1.9 
1.5 
2.6 


.6 
1.0 
1.0 


FtiL  VAum 


135 
370 
236 


135 
325 
230 

305 
385 

345 
545 
390 

275 

285 

340 
410 
370 

345 
445 
300 

280 
310 
335 
520 


660 
910 
720 

575 
880 
765 
680 


100 


30 
82 
52 


30 
72 
51 

67 

85 

76 

121 

86 

61 

63 

53 
91 

S2 


98 
86 

62 

68 

74 

115 


146 
202 
160 

127 
195 
170 
151 


^  i'-ggs  are  diflicult  of  analysis  and  the  diwrepancy  between  the  protein  by  factor 
and  by  difference  may  be  due  in  part  to  inct^mplete  determination  of  nitrojppn  and  fat. 
It  is  also  probable  that  the  factor  0.25  is  not  correct  for  efQFS.  The  value  of  protein 
by  difference  is  perhaps  the  more  nearly  correct  and  has  been  used  in  the  coroputatioA 

of  the  fuel  value  per  pound. 
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AISTALYSTS    OF   AMERTCAN^    FOODS 


Food  Materials 


ANIMAL  FOOD— Con. 

Eggs 
Hens',  boiled  whites: 

Minimum 

Maximum 

Average 

Hens',  boiled  yolks: 

Minimum 

Maximimi 

Average 

Dairy  Products,  etc. 

Butter,  as  purchased 

Buttermilk,  as  purchased . 
Cheese,  American,  pale,  as 

purchased 

Cheese,  American,  red,  as 

purchased 

Cheese,  Boudon,  as  pur- 
chased  

Cheese,  California  flat,  as 

purchased 

Cheese,  Cheddar,  as  pur- 
chased   

Cheese,  Cheshire,  as  pur- 
chased   

Cheese,  cottage,  as  pur- 
chased: 

Minimum 

Maximmn 

Average 

Cheese,      Crown      brand 

cream,  as  purchased. . 
Cheese,    Dutch,    as    pur- 
chased: 

Minimum. 

Maximum 

Average 

Cheese,  Fromage  de  Brie, 

as  purchased 

Cheese,  full  cream,  as  pur- 
chased: 

Minimum 

Maximum 

Average 

Cheese,  imitation  full 
cream,  Ohio,  as  pur- 
chased   

Cheese,  imitation  old  Eng- 
lish, as  purchased 


Per  cent 
Water 


83.1 
87.1 
86.2 

48.4 
50.2 
49.5 


11.0 
91.0 

31.6 

28.6 

55.2 

34.0 

27.4 

37.1 


67.0 
77.0 
72.0 

31.4 


27.6 
42.7 
35.2 

60.2 


27.0 
44.1 
34.2 


37.9 
20.7 


Per  cent 
Protein 


11.6 
14.8 
12.3 

15.3 
16.8 
15.7 


1.0 
3.0 

28.8 


15.4 
24.3 

27.7 
26.9 


16.1 
25:7 
20.9 

5.2 


15.9 


17.9 
37.0 
25.9 


30.1 


Per  cent 
Fat 


.3 
.2 

32.2 
34.4 
33.3 


85.0 
.5 

35.9 

38.3 

20.8 

33.4 

36.8 

30.7 


.4 
1.6 
1.0 

58.0 


16.3 
19.0 
17.7 

21.0 


24.5 
44.6 
33.7 


31.7 
42.7 


Per  cent 
Carbo- 
hydrates 


4.8 
.3 

1.6 

4.5 

4.1 

.9 


3.7 
4.9 
4.3 

2.2 


1.4 


1.2 
4.0 
2.4 


1.3 


Per  cent 

Ash 


.4 

1.0 

.6 

1.0 
1.4 
1.1 


3.0 
3.7 

3.4 

3.5 

7.0 

3.8 

4.0 

4.4 


1.6 
2.0 

1.8 

3.2 


8.7 
11.4 
10.0 

1.5 


2.5 
4.9 
3.8 


4.5 
5.2 


Fuel  Value 


Calories 

per 
Pound 


235 
295 
250 

1,685 
1,745 
1,705 


3,605 
165 

2,055 

2,165 

1,195 

1,945 

2,145 

1,810 


435 

585 
510 

2,585 


1,240 
1,630 
1,435 


1,210 


1,790 
2,430 
1,950 


1,820 
2,385 


Calories 
per  100 
Grams 
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Food  Materials 


ANIMAL  FOOD— Con. 
Dairy  Produda,  etc. 

Cheese,  Limburger,  as  pur- 
chased   


Cheese,     Neufch&tel, 
purchased : 

Mininunn 

Maxhnum 

Average 


as 


Cheese,    partly    skimmed 
milk,  as  purchased: 

Minimum 

Maximum 

Average 

Cheese,  pineapple,  as  pur 
chased: 

Minimum 

Maximum 

Average 


Per  cent 
Water 


Cheese,  Roquefort,  as  pur- 
chased   


Cheese,  skimmed  milk, 
purchased: 

Minimum 

Maximum 

Average 


as 


Cheese,  Swiss,  as  pur- 
chased: 

Minimum 

Maximum 

Average 

Cream,  as  purchased: 

Cheese,   Whole  Milk    {sa 

full  cream  cheese) 
Kumiss,  as  purchased : 

Minimum 

Maximum 

Average 


Milk,    condensed,    sweet- 
ened, as  purchased . 

Maximum 

Average 


42.1 


42.7 
57.2 
50.0 


34.8 
42.0 
38.2 


11.6 
31.0 
23.0 


39.3 


37.3 
53.1 
45.7 


28.9 
33.8 
31.4 
74.0 


88.8 
90.0 
89.3 


21.6 
37.3 
26.9 


Per  cent 
Prot<«in 


2:^0 


15.1 
22.3 
18.7 


23.5 
27.6 
25.4 


27.0 
34.5 
29.9 


22.6 


26.3 
38.4 
31.5 


26.1 

29.1 

27.6 

2.5 


2.6 
3.0 

2.8 


6.0 

10.5 

8.8 


l*f'r  cent 
Fat 


Percent 
Carbo- 
hydratei 


2<».4 


•22.3 
32.5 
27.4 


23.7 
.34.5 
29.5 


33.3 
45.2 
38.9 


29.5 


6.8 
27.8 
16.4 


33.2 
36.7 
34.9 
18.5 


1.7 
2.4 
2.1 


.4 

10.6 

8.3 


P»  eeot  Cakiriea  Cdoriai 


.2 
2.9 
1.5 


2.3 
4.9 
3.6 


2.2 
3.1 
2.6 


1,8 


9.0 
2.2 


.9 
1.7 
1.3 
4.5 


5.1 
5.9 
5.4 


44.4 

56.9 
M.l 


Aah 


5.1 


2.3 
2.5 
2.4 


3.2 
3.4 
3.3 


5.1 
6.2 
6.6 


6.8 


2.4 
5.1 
4.2 


4.4 
5.2 

4.8 
.5 


1.5 
2.1 
1.9 


PuBL  Vaum 


per 
Pbund 


1.075 


1^6 
1.790 
1,630 


1,680 
1,970 
1,786 


1,906 
2.600 
2,246 


1,700 


1,090 
1,740 
1,320 


1,920 

2,105 

2.010 

910 


216 
266 
240 


1,270 
1,650 
1,620 


100 
GruM 


372 


397 
340 


361 
437 
396 


436 
677 
498 


377 


242 
388 
293 


426 
487 
440 
202 


47 
68 
63 


300 
337 
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Food  Materials 


ANIMAL  FOOD— Cow. 

Cheese,   Whole  Milk    (see 

full  cream  cheese) 

Milk,  condensed,  unsweet- 
ened, evaporated  cream, 
as  purchased : 

Minimum 

Maximum 

Average 

Milk,  skimmed,  as  pur- 
chased  

Milk,  whole,  as  purchased. 
Whey,  as  purchased 

Miscellaneous 
Gelatin,  as  purchased: 

Minimum 

Maximum 

Average 

Calf's  foot  jelly,  as  pur- 
chased  

Isinglass,  sturgeon,  as  pur- 

ctiased 

Spinal  column,   sturgeon, 

as  purchased 

Lard,  refined,  as  purchased 
Lard,   imrefined,    as  pur- 
chased: 

Minimum 

Maximum 

Average 

Tallow,  refined,  as  pur- 
chased  

Cottolene,  as  purchased.... 

Oleomargarin,     as     pur- 
chased  

Beef  juice,  as  purchased. . . 


Per  cent 
Water 


66.3 
69.6 
68.2 


90.5 
87.0 
93.0 


9.6 
15.4 
13.6 


77.6 
19.0 
17.7 


3.1 
6.6 

4.8 


9.5 
93.0 


Per  cent 
Protein 


8.6 

10.5 

9.6 


3.4 
3.3 
1.0 


89.3 
97.5 
91.4 


4.3 

89.3 
59.8 


1.7 
2.9 
2.2 


1.2 
4.9 


Per  cent 
Fat 


7.8 

10.4 

9.3 


.3 

4.0 

.3 


1.6 

17.1 
100.0 


72.0 
95.9 
94.0 


100.0 
100.0 

83.0 
.6 


Per  cent 
Carbo- 
hydrates 


10.4 
12.2 
11.2 


5.1 
5.0 
5.0 


17.4 


.8 


Per  cent 
Ash 


1.5 
2.1 
1.7 


1.4 
4.4 
2.1 


.7 
2.0 
4.6 


6.3 
1.5 


Fuel  Value 


Calories 

per 
Pound 


740 
835 

780 


170 
325 
125 


1,660 
1,830 
1,705 


405 

1,730 

1,850 
4,220 


3,895 
4,065 
4,010 


4,220 
4,220 

3,525 
155 


Calories 
per  100 
Grams 


164 
185 
173 


37 

72 
27 


368 
406 

378 


90 

384 

411 
937 


865 
903 
891 


937 
937 

783 
34 
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Por 
cent 
Water 

Per 
cent 
Pro- 
tein 

Per 

rent 
Fat 

Per 

cent 

Car- 

bohy- 

dralM> 

Per 
cent 
Fiber* 

Per 

cent 
Aih 

Fuel  Valub 

Food  Materials 

Calarioi 
pSmd 

Caloriw 
per  100 
OfinM 

VEGETABLE  FOOD 

Flours,  Meals,  ek. 

Barley,  granvilatod 

Barley  meal  ami  flour: 
Minimum 

10.9 

9.9 
13.6 
11.9 

9.8 
12.9 
11.5 

11.2 
17.6 
13.6 

10.6 
11.2 
10.9 

9.8 
13.6 
11.6 

12.0 
13.0 
12.6 

8.8 
17.9 
12.5 

10.9 
12.4 
11.6 

9.2 
10.8 
10.3 

7.6 

9.0 
12.7 
10.5 

7.0 
lO.l 

8.5 

3.9 

10.4 

6.4 

3.3 

4.8 
4.1 

5.5 
11.1 

8.2 

5.9 
8.5 
7.1 

6.7 

11.6 

9.2 

7.8 
9.3 
8.4 

6.5 
8.0 
7.5 

.9 

1.5 
3.2 
2.2 

.7 
1.5 
1.1 

.5 
2.3 
1.2 

.3 
.6 
.4 

.3 
1.4 
1.2 

1.0 
1.8 
1.3 

1.0 
5.3 
1.9 

4.5 
5.2 
4.7 

3.5 
4.5 
4.2 

79.8 

70.4 
74.5 

72.8 

77.3 

78.1 
77.8 

71.6 
81.5 
77.9 

83.4 
84.8 
84.1 

70.1 
77.3 
73.4 

76.9 
79.6 

78.4 

68.4 
80.6 
75.4 

71.9 
75.4 
74.0 

55.7 
72.2 
65.9 

.7 

6.9 
7.0 

(3)6^ 

(1)  i 

.2 

.7 

(8)  .4 

.1 
.3 
.2 

(1)  .4 

.6 

1.2 

.9 

(1)1.0 

.9 

1.6 
3.8 
2.6 

.6 
L6 
LI 

.6 

1.8 

.9 

.4 
.6 
.6 

4.4 

7.0 
5.6 

.5 

.8 
.6 

.5 
1.9 
1.0 

1.2 
1.4 
1.3 

1.0 
1.3 
1.2 

1,660 

1,685 
1,680 
1,640 

1,636 
1,676 
1,660 

1,660 
1,650 
1,620 

1,660 
1,666 
1,660 

1,616 
1,600 
1,570 

1,630 
1,666 
1,646 

1,550 
1,720 
1,655 

1,720 
1,740 
1,730 

1,305 
1,670 
1,645 

968 
341 

Maximum 

373 

Average 

364 

Barley,  pearled: 

Minimum 

363 

Maximum 

372 

Average 

366 

Buckwheat  flour: 

Minimum 

346 

Maximum. 

366 

Average 

360 

Buckwheat  preparations : 
Farina  and  groats: 
Minimum 

366 

Maximum 

370 

Average 

368 

Self-raising: 

Minimum 

336 

Maximum 

365 

Average..       

348 

Corn  flour': 

Minimum       

362 

Minimum 

370 

Average.           

366 

Corn  meal,  granular*: 
Minimum     

344 

Maximum 

382 

Average 

367 

Corn  meal,  unbolted: 
Minimum 

382 

Maximum 

3B6 

Average 

384 

Corn  meal,  unbolted: 
As  purchased: 

TVTinimum       

290 

Maximum 

371 

Averafire          

343 

1  Fiber  included. 

2  Number  of  determinations  in  parentheses. 

3  Average  of  77  analyses  of  corn  meal  used  for  fodder  gives  water  15.  protein  8  0, 
fat  3.8,  carbohydrates  68*7,  fiber  1.9,  and  ash  1.4  per  cent,  and  fuel  value  1,610  calorie*. 

4  The  ash  of  one  sample  contained  0.185  per  cent  pho«phoru«. 
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ANALYSIS    OF   AMERICAN    FOODS 


Food  Materials 


Per 

cent 
Water 


Per 
cent 
Pro- 
tein 


Per 

cent 
Fat 


Per 
cent 
Car- 
bohy- 
drates^ 


Per 
cent 
Fiber2 


Per 

cent 
Ash 


Fuel  Value 


Calories 

per 
Pound 


Calories 
per  100 
Grams 


VEGETABLE  FOOD- 
Con. 
Flours,  Meals,  etc. 
Pop  Corn: 

Minimum 

Maximum 

Average 

Corn  preparations: 
Cerealine^: 

Minimum 

Maximum 

Average 

Hominy: 

Minimum 

Maximum 

Average 

Hominy,  cooked 

Parched : 

Minimum 

Maximum 

Average 

Kafir  corn 

Oatmeal*: 

Minimum 

Maximum 

Average 

Oatmeal,  boiled 

Oatmeal  gruel: 

Minimum 

Maximum 

Average 

Oatmeal  water: 

Minimum 

Maximum 

Average 

Oats,  other  preparations 
Rolled  oats: 

Minimum 

Maximum 

Average 

Miscellaneous: 

Minimum 

Maximum 

Average 

Analyses,   average 


4.1 
4.4 
4.3 


9.5 
11.0 
10.3 

9.2 
13.4 
11.8 
79.3 

4.9 

5.6 

5.2 

16.8 

2.0 

8.8 

7.3 

84.5 

87.5 
95.7 
91.6 

94.0 
98.1 
96.0 


5.5 
11.2 

7.7 

6.4 
9.2 
7.9 

7.8 


10.3 
11.1 
10.7 


9.1 
9.9 
9.6 

6.3 
9.5 
8.3 
2.2 

11.1 

11.8 

11.5 

6.6 

12.9 
20.8 
16.1 

2.8 

.9 
1.6 
1.2 


13.6 
19.1 
16.7 

13.7 
18.4 
16.3 
16.5 


4.7 
5.4 
5.0 


.9 
1.3 
1.1 

.2 

1.0 

.6 

.2 

8.2 
8.7 
8.4 
3.8 

6.0 

8.8 

7.2 

.5 

.2 
.5 
.4 

.1 
.1 
.1 


5.6 
8.8 
7.3 

6.1 
8.2 
7.3 
7.3 


78.6 

78.7 
78.7 


76.6 
79.2 

78.3 

77.3 
81.4 
79.0 

17.8 

71.1 
73.4 
72.3 
70.6 

63.8 
70.2 
67.5 
11.5 

2.9 
9.6 
6.3 

1.3 
4.5 

2.9 


62.8 
70.8 
66.2 

63.9 
70.5 
66.8 
66.5 


1.3 
1.4 
1.4 


.2 

.7 
(4)  .4 

.2 
1.0 

(12).9 


1.1 

.6 
1.2 

(9)  .6 


1.2 
1.4 

(2)1.3 

.6 
1.7 

(20)  .9 
(22)1.0 


1.3 
1.4 
1.3 


.2 
2.3 

.7 

.1 

.7 
.3 
.5 

1.7 
3.5 
2.6 
2.2 

1.5 
2.2 
1.9 

.7 

.3 
.8 
.5 

.1 
.5 
.3 


1.6 
4.7 
2.1 

1.3 
1.9 
1.7 
1.9 


1,870 
1,880 
1,875 


1,635 
1,710 
1,680 

1,610 

1,700 

1,650 

380 

1,895 
1,930 
1.915 
1,595 

1,810 
1,875 
1,650 

285 

80 
230 
155 

35 

105 

70 


1,755 

1,885 
1,850 

1,830 
1,890 
1,855 
1,850 


415 
417 
416 


363 
380 
373 

357 
377 
366 

84 

421 

428 
425 
354 

402 

416 

366 

63 

17 
51 
34 

7 
23 
15 


390 
418 
411 

406 
420 
412 
411 


1  Fiber  included. 

2  Number  of  determinations  in  parentheses. 

8  The  ash  of  one  sample  contained  0.102  per  cent  phosphorus. 
*The  ash  of  one  sample  contained  0.414  per  cent  phosphorus. 
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Food  Materials 


VEGETABLE  POOD— 
C(m. 
Flours,  Meals,  etc. 
Rice: 

Miiiiinum 

Maxiinuin 

AveruKo 

Rice,  boiled: 

Minimum 

Maximum 

Average 

Rice,  flaked: 

Minimum 

Maximum 

Average 

Rice  flour: 

Minimum 

Maximum 

Average 

Rye  flour: 

Minimum 

Maxim  mn 

Average 

Rye  meal 

Wheat  flour,  California, 
fine: 

Minimum 

Maximum 

Average 

Wheat     flour,      Califor- 
nia: 

Minimum 

Maximum 

Average 

Wheat  flour,  gluten: 

Minimum 

Maximum 

Average 

Wheat  flour,  Graham: 

Minimum 

Maximum 

Average 

Wheat    flour,    prepared 
(self-raising) : 

Minimum 

Maximum 

Average 


Per 

cent 
WaUT 


9.1 
14.0 
12.3 

52.7 

82.7 
72.5 

9.4 
9.7 
9.5 

3.7 
10.9 

8.5 

11.9 
13.6 
12.9 
11.4 


12.4 
15.6 
13.8 


6.4 
13.1 
11.4 

10.5 
13.0 
12.0 

9.9 
13.7 
11.3 


8.0 
13.0 
10.8 


Per 

wnt 
Pro- 
tcin 


5.9 

11.3 

8.0 

1.6 
5.0 

2.8 

7.5 
8.3 
7.9 

4.7 

12.0 

8.6 

4.9 

8.8 

6.8 

13.6 


7.2 

8.8 
7.9 


12.2 
14.6 
13.8 

12.8 
15.0 
14.2 


Per 

wnt 

Fat 


1.7 

10.4 

6.1 


1.3 

.9 

2.0 


1.2 
1.6 
1.4 


1.5 
2.1 
1.9 

1.1 
2.4 

1.8 


Per 

cent 

Car- 

liohy- 

dntM* 


8.5 

1.5 

17.7 

3.6 

13.3 

2.2 

8.0 

.6 

13.3 

2.2 

10.2 

1.2 

76.4 
81.9 
79.0 

15.5 
41.9 
24.4 

81.4 
82.2 
81.9 

58.3 
79.2 
68.0 

77.6 
80.2 
78.7 
71.5 


73.9 
77.8 
76.4 


69.5 
77.0 


69.6 
72.8 
71.1 

66.0 
75.8 
71.4 


67.4 
78.6 
73.0 


Per 
oeoi 
FlbeH 


.4 

(I3).2 


.1 
.2 
.2 

9.1 
28.3 
16.1 

.4 
.5 

(4)  .4 
1.8 


.5 

1.2 

(3)  .9 


.6 
(1)  .6 

1.8 

2.0 

(3)1.9 


.4 

.5 

(3)  .4 


Pfer 
ooni 
Aah 


jCaloriMCalorki 
pv  100 


.2 
.ft 
.4 

.1 

.2 

.3 
.4 

6.6 

10.7 

8.8 

.6 

.9 

.7 

1.5 


.6 
1.5 
1.0 

.5 

1.3 

.9 

1.0 
2.7 
1.8 


1.5 
7.1 

4A 


F01L  Vautb 


Pbund 


1,600 
1,600 
1.630 

330 
87ft 
ftlO 

1,680 
1.090 
L68ft 

L63ft 
1,765 
1,680 

1.615 
1,650 
1,630 
1,66ft 


1,590 
1,660 
1,62ft 


1.63ft 
1.760 
1,67ft 

1,63ft 
1,600 
1,66ft 

1.61ft 
1,710 
1,670 


l,ftftO 
1,730 
1.600 


OffWM 


366 

376 
302 

73 
104 
113 

373 
37ft 
374 

368 
302 
373 

3ft8 
366 

363 
370 


3ft3 
368 
361 


363 
301 
372 

368 
37ft 
370 

3ft8 
380 
371 


344 

384 
35ft 


1  Fiber  included. 

2  Number  of  determinations  in  parenthwe*. 
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a:n"alysis  of  ameeica:n'  foods 


Food  Materials 


Per 

cent 
Water 


Per 
cent 
Pro- 
tein 


Per 
cent 
Fat 


Per 

cent 
Car- 
bohy- 
drates^ 


Per 
cent 
Fiber- 


Per 
cent 
Ash 


Fuel  Value 


Calories 

per 
Pound 


Calories 
per  100 
Grams 


VEGETABLE  FOOD— 

Con. 

Flours,  Meals,  etc. 

Wheat  flour,  patent  roll 
er  process,  baker's 
grade: 

Minimum 

Maximum 

Average 

Wheat  flour,  patent  roll- 
er   process,    family 

and  straight  grade: 
Spring  wheat: 

Minimum 

Maximum 

Average 

Winter  wheat: 

Minimum. 

Maximum 

Average 

Wheat  flour,  patent  roll- 
er process,  grade  not 
indicated : 

Minimum 

Maximum 

Average 

Wheat  flour,  patent  roll- 
er     process,     high 

grade: 
Spring  Wheat: 

Minimum 

Maximum 

Average 

Winter  wheat: 

Minimum 

Maximum 

Average 

Average  of  all  analyses 
of  high  and  medium 
grades  and  grade  not 

indicated 

Wheat  flour,  patent  roll- 
er process,'  low  grade : 

Minimum 

Maximum 

Average 


10.1 
13.3 
11.9 


10.3 
13.1 
11.9 

11.7 
14.0 
13.1 


8.2 
13.9 
11.5 


14.3 
12.3 

12.1 
14.0 
13.3 


12.0 


9.3 
13.9 
12.0 


10.3 
14.9 
13.3 


9.6 
13.3 
10.9 

10.8 
13.7 
12.3 


8.4 
14.7 
11.4 


8.7 
13.8 
11.7 

9.3 
14.9 
11.0 


11.4 


10.0 
17.9 
14.0 


.9 
2.0 
1.5 


1.0 
1.2 
1.1 

1.0 
1.3 
1.1 


.3 
1.6 
1.0 


.7 
1.9 
1.1 


1.0 
.9 


1.0 


3.9 
1.9 


70.3 
75.5 

72.7 


72.7 
78.5 
75.6 

72.1 
73.7 
73.0 


70.3 
80.0 
75.6 


71.7 

78.1 
74.5 

71.6 
75.5 
74.4 


75.1 


64.2 
75.9 
71.2 


.3 
1.5 

(6)  .7 


(1)  .1 

.2 

.4 
(4)   .3 


.1 
.3 

(15).2 


.1 
.2 

(7)  .1 

.2 
.4 
.3 


(41).3 


.5 
.9 

(7)  .8 


.5 

2.0 

.9 


1,640 
1,705 
1,665 


1,635 
1,680 
1,655 

1,615 
1,655 
1,635 


1,640 
1,730 
1,660 


1,615 
1,715 
1,650 

1,615 
1,645 
1,625 


1,650 


1,645 
1,735 
1,665 


364 
378 
370 


363 
373 
367 

358 
367 
363 


364 
384 
368 


358 
381 
366 

358 
365 
361 


366 


365 
385 
370 


1  Fiber  included. 

2  Number  of  determinations  in  parentheses. 
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Food  Materials 


VEGETABLE  FOOD— 

Con. 

Flours,  Meals,  etc. 

Wheat  flour,  unclassificKi 

process,    jicradc    not 

indicated : 
Spring  Wheat: 

Minimum 

Maximum 

Average 

Winter  wheat: 

Minimum 

Maximum 

Average 

Undesignated : 

Minimum 

Maximum 

Average 

All  analyses,  average. . 

Wheat  preparations 

breakfast  foods: 
Cracked  and  crushed : 

Minimum 

Maximum 

Average 

Farina: 

Minimum 

Maximum 

Average 

Flaked: 

Minimum 

Maximum 

Average 

Germs : 

Minimum 

Maximum 

Average 

Gluten: 

Minimum 

Maximum 

Average 

Miscellaneous: 

Minimum 

Maximum 

Average 


Per 

cent 
WutiT 


11.4 
13.5 
12.4 

0.0 
14.4 
11.9 

6.7 
11.7 

9.4 
11.4 


8.9 
11.7 
10.1 

6.1 
13.2 
10.9 

7.9 
10.1 

8.7 

9.1 
12.3 
10.4 

6.8 

11.1 

8.9 

3.8 

11.9 

9.4 


Per 

cent 
Pro- 
tein 


9.6 
12.1 
10.5 

9.5 
12.5 
10.7 

8.7 
11.4 
10.4 
10.6 


9.5 
12.9 
11.1 

10.4 
11.7 
11.0 

9.7 
15.6 
13.4 

8.6 
13.4 
10.5 

12.7 
14.4 
13.6 

10.4 
16.6 
13.1 


Per 

cfnt 
Fat 


.6 
1.3 
1.0 

.4 
1.5 
1.0 

.6 
1.6 
1.2 
1.1 


1.3 
2.2 
1.7 

.8 
3.8 
1.4 

1.1 
1.5 
1.4 

1.2 
2.5 
2.0 

.7 
3.3 
1.7 

1.3 
4.0 
2.1 


Per 
cent 
Car- 
lx)hy- 


73.5 
77.4 
75.4 

73.2 

78.2 
75.8 

75.3 
82.1 

78.4 
76.3 


73.7 
77.2 
75.5 

74.6 

78.5 
76.3 

69.7 
77.8 
74.3 

73.1 
SO.O 
76.0 

69.2 
78.8 
74.6 

70.5 
81.0 
74.1 


Per 

cent 
FIberM 


.6 

.8 
(3)  .5 

.2 

.5 

(5)  .4 

.3 

1.8 
(3)  .9 
(10).2 


1.2 
2.0 

(7)1.7 

.2 
.6 

(7)  .4 

1.3 
2.2 
1.8 

.3 
1.2 

(8)  .9 

.5 
2.5 
1.3 

.5 
1.6 
(16).9 


Per 
cent 
AiOi 


1.4 
2.2 
1.6 


.7 
.4 

1.2 
3.3 
2.2 

.5 
1.6 
1.1 

.9 
2.0 
1.2 

.9 
1.8 
1.3 


CalorlM  Calorie* 


Pu«L  Vautk 


per 
Found 


1,610 
1,«50 
1,640 

1.605 
1,680 
1,650 

1,645 
1,760 
1,700 
1,665 


1.645 
1,710 
1,685 

1,630 
1,825 
1,685 

1,640 
1,705 
1,600 

1,665 
1,720 
1,605 

1.695 
1,730 
1,715 

1.665 
1,820 
1,710 


per  too 


357 
866 

a64 

366 
373 
386 

366 

301 

377 
370 


365 
380 
374 

362 
405 
374 

364 
378 
375 

370 
382 
376 

376 
384 

381 

370 
400 
380 


1  Fiber  included. 

2  Number  of  determinations  in  parentheses. 
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Food  Materials 


Per 

cent 
Water 

Per 
cent 
Pro- 
tein 

6.4 

11.8 

11.5 

15.5 

8.6 

13.6 

7.2 

9.6 

10.7 

11.4 

U 

10.5 

7.0 

7.9 

12.3 

16.6 

10.3 

13.4 

78.4 

3.0 

10.6 

11.7 

10.7 

11.7 

10.7 

11.7 

10.0 

11.2 

11.1 

13.3 

10.6 

12.1 

9.4 

7.9 

12.3 

16.4 

11.0 

10.9 

40.0 

5.0 

47.2 

5.3 

43.6 

5.4 

28.4 

6.5 

48.0 

10.1 

38.9 

7.9 

20.6 

6.4 

44.0 

11.1 

35.7 

9.0 

Per 
cent 
Fat 


Per 
cent 
Car- 
bohy- 
drates^ 


Per 
cent 
Fiber2 


Per 
cent 
Ash 


Fuel  Value 


Calories 

per 
Pound 


Calories 
per  100 
Grams 


VEGETABLE  FOOD— 

Con. 

Flours,  Meals,  etc. 

Wheat  preparations, 

breakfast  foods: 

Parched  and  toasted: 

Minimum 

Maximum 

Average 

Shredded: 

Minimum 

Maximum 

Average 

Wheat  preparations : 
Macaroni : 

Minimum 

Maximum 

Average 

Macaroni,  cooked . .  . . 
Noodles: 

Minimum 

Maximum 

Average 

Spaghetti: 

Minimum 

Maximum 

Average 

Vermicelli: 

Minimum 

Maximum 

Average 

Bread,  Crackers,  Pastry, 

etc. 
Bread,    brown,    as   pur- 
chased : 

Minimum 

Maximum 

Average 

Bread,     com     (johnny- 
cake)  : 

Minimum 

Maximum 

Average 

Bread,  rye,  as  purchased: 

Minimum 

Maximum 

Average 


.9 
3.7 
2.4 

1.3 
1.6 
1.4 


4.9 

.9 

1.5 

.5 
1.5 
1.0 


1 


.3 
5.2 
2.0 


1.2 
2.4 

1.8 


2.3 
9.8 
4.7 

.1 

1.4 

.6 


72.3 
76.9 
74.5 

75.0 
79.7 
77.9 


67.2 

78.4 
74.1 
15.8 

74.7 
76.6 
75.6 

74.9 
77.1 
76.3 

66.7 
76.5 
72.0 


43.6 
50.7 
47.1 


40.3 
54.3 
46.3 

45.6 
65.8 
53.2 


.1 
1.4 


(3)1.7 


.3 
.4 
.4 

.5 

.7 
(2).4 


.1 
1.0 

(9).5 


.2 


1.4 
3.3 

2.1 


.3 
7.0 
1.3 
1.3 

.5 
1.5 
1.0 

.6 
.7 
.6 

.5 

6.8 
4.1 


1.9 
2.2 
2.1 


.8 
4.1 
2.2 

.6 

2.7 
1.5 


1,660 
1,800 
1,740 

1,670 
1,720 
1,700 


1,540 

1,775 

1,665 

415 

1,665 
1,670 
1,665 

1,645 
1,680 
1,660 

1,540 
1,730 
1,625 


970 
1,135 
1,050 


975 
1,330 
1,205 

1,020 
1,440 
1,180 


368 
400 
386 

371 
382 
377 


342 
394 
370 

92 

370 
371 
370 

365 
373 

368 

342 
384 
361 


215 
252 
233 


216 
295 
267 

226 
320 
262 


1  Fiber  included. 

2  Number  of  determinations  in  parentheses. 
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Food  Materials 


VEGETABLE  FOOD— 
Con. 

Bread,  Crackers,  Pastry, 
eic. 

Broad,    rj^,    whole,    as 
purchiused : 

Miniimim 

Maximum 

Average 


Bread,  rye  and  wheat,  as 
purchased 


Bread,  wheat: 

Buns,  as  purchased. . . 
Buns,     cinnamon,    as 

purchased 

Buns,       currant,      as 

purchased 

Buns,    hot    cross,    as 

purchased 

Buns,  sugar,   as  pur- 
chased : 

Minimum 

Maximum 

Average 

Gluten  bread,  as  pur- 
chased : 

Minimum 

Maximum 

Average 

Graham  bread,  as  pur- 
chased : 

Minimum 

Maximum 

Average 

Biscuits,    home-made 
as  purchased: 

Minimum 

Maximum 

Average 

Biscuits,  Maryland,  as 
purchased : 

Minimum 

Maximum 

Average 


Per 
cent 
Wate 


49.8 
51.6 
50.7 


35.3 

29.0 
23.6 
27.5 
36.7 


26.6 
35.3 
29.6 


34.8 
43.1 
38.2 


27.8 
42.4 
35.7 


30.7 
34.7 
32.9 


24.2 
25.0 
24.6 


Per 

cent 
Pro- 
U'in 


11.8 
12.0 
11.9 


11.9 

6.3 
9.4 
6.7 
7.9 


7.6 

8.4 
8.1 


8.2 

11.1 

9.3 


6.8 

10.9 

8.9 


7.8 

10.2 

8.7 


7.5 
9.3 

8.4 


Per 

cent 
Fttt 


.3 


Ptt 
cent 
Cor- 

Uihy- 
dratce* 


35.0 
36.8 
35.9 


51.5 


6.5 

57.3 

7.2 

59.1 

7.6 

57.6 

4.8 

49.7 

4.5 
9.4 
6.9 

49.0 
58.5 
54.2 

.7 
2.4 
1.4 

44.6 
5:3.0 
49.8 

.4 
3.8 
1.8 

38.6 
59.1 
52.1 

2.0 
3.3 
2.6 

53.7 
56.6 
55.3 

4.3 
6.8 
5.6 

59.3 
61.0 
60.1 

Per 
cent 
Fiberi 


FtntL  Vauhe 


Pfer 

eent  |Caloriai|Caloriet 


.8 
1.6 
1.2 


.4 


l.l 


(1).3 


.6 

.8 

(11)1.1 


.4 
.9 

(2).7 


.6 
2.1 
1.3 


1.0 

.0 
.7 
.6 
.9 


.8 
1.6 
1.2 


.8 
2.2 
1.3 


.7 
3.0 
1.5 


1.2 
1.4 
1.3 


Pbund 


per  100 
Onyne 


806 
030 
015 


1,190 

1,466 
1,575 
1,515 
1,275 


1,340 
1,575 
1,450 


1,065 
1,210 
1,160 


880 
1,350 
1,210 


1,280 
1,326 
1,300 


1,400 
1,530 
1,510 


108 
206 
203 


264 

323 
350 
336 
283 


207 
350 
322 


241 
268 
257 


105 
300 


284 
204 


331 
317 
335 


1  Fiber  included. 

2  Number  of  determinations  in  parentheses. 
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Food  Materials 


VEGETABLE  FOOD— 
Con. 

Bread,  Crackers,  Pastnj, 
etc. 

Bread,  wheat: 

Rolls,  French,  as  pur- 
chased: 

Minimum 

Maximum 

Average 

Rolls,   plain,   as  pur- 
chased: 

Minimum 

Maximum 

Average 

Rolls,  Vienna,  as  pur- 
chased  

Rolls,  water,  as  pur- 
chased: 

Minimum 

Maximum 

Average 

Toasted  bread,  as  pur- 
chased: 

Minimum 

Maximum 

Average 

White  bread,  biscuit, 
as  purchased: 

Minimum 

Maximum 

Average 

White   bread,  butter, 
as  purchased .... 
White     bread,    cheap 
grade,  as  purchased : 

Minimum 

Maximum 

Average 

White   bread,    cream, 
as  purchased: 

Minimum 

Maxunum 

Average 


Per 
cent 
Water 


31.9 
32.2 
32.0 


18.4 
28.4 
25.2 


31.7 


31.2 
34.0 
32.6 


15.3 
28.6 
24.0 


31.2 
39.7 
35.2 

32.2 


27.9 
40.7 
33.2 


29.3 
38.2 
33.2 


Per 

cent 
Pro- 
tein 


8.0 
9.0 

8.5 


8.6 

11.9 

9.7 


8.5 


8.5 
9.6 
9.0 


10.6 
12.8 
11.5 


7.6 
8.3 
8.0 

7.9 


8.7 
16.3 
10.9 


6.5 
15.4 

9.8 


Per 

cent 
Fat 


Per 

cent 
Car- 
bohy- 
drates' 


2.3 
2.7 
2.5 


.4 
9.4 
4.2 


2.2 


2.0 
3.9 
3.0 


.o 
3.2 
1.6 


.6 
2.1 
1.4 

1.1 


.5 
2.1 
1.3 


.2 

1.9 

.9 


55.2 
56.2 
55.7 


56.7 
64.7 
59.9 


56.5 


52.5 

55.8 
54.2 


56.7 
67.1 
61.2 


50.1 

58.8 
54.3 

57.7 


44.3 
60.4 
53.6 


50.8 
60.9 
55.0 


Per 
cent 
Fiber2 


.3 
.3 

(2).3 

.4 


.3 
.3 

(2).3 

.4 


.2 

,(1).2 


Per 
cent 
Ash 


Calories 

per 
Pound 


1.2 
1.3 
1.3 


.7 
1.4 
1.0 


1.1 


1.1 
1.4 
1.2 


1.4 
2.0 
1.7 


.5 
1.4 
1.1 

1.1 


1.0 
1.3 
1.0 


.8 
1.6 
1.1 


Fuel  Value 


Calories 
per  100 
Grams 


1,290 
1,310 
1,300 


1,340 
1,635 
1,470 


1,300 


1,300 
1,300 
1,300 


1,340 
1,620 
1.420 


1,110 
1,295 
1,220 

1,265 


1,105 
1,370 
1,255 


1,150 
1,335 
1,245 


1  Fiber  included. 

2  Number  of  determinations  in  parentheses. 
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Per 
cent 
Water 

Per 
cent 
Pro- 
tein 

Per 

cent 
Fat 

Per 

cent 

Car- 

iHihy- 

iratoi* 

OCRt 

Fiber' 

P» 

cent 

F^iBL  VAum 

Food  Materials 

CAlorkiCtloriai 

per     per  100 

Pound  Grane 

VEGETABLE  FOOD— 

Con. 
Bread,  Crackers,  Pastry, 

etc. 
Bread,  wheat: 

White    bread,    honu»- 
made,    as    pur- 
chased: 
Minimum 

29.8 
40.4 
35.0 

34.1 
39.8 
36.5 

25.8 
49.1 
35.6 

33.1 
40.5 
36.6 

31.1 
40.4 
35.8 

33.2 
35.4 
34.6 

27.1 
39.7 
34.2 

32.3 
51.0 
38.4 

6.8 

11.0 

9.1 

^    8.8 

10.8 

^    9.6 

7.0 

13.9 

9.3 

8.5 
9.9 
9.1 

7.0 
9.8 
1.1 

9.0 
9.6 
9.3 

8.1 

11.0 

9.4 

8.1 

11.7 

9.7 

.4 
3.5 
1.6 

.3 

2.8 
1.4 

3.7 
1.2 

.6 
2.1 

1.2 

.8 
1.8 
1.1 

.6 
1.5 
1.0 

.1 
3.8 
1.2 

.4 

2.7 

.9 

47.6 
58.0 
53.3 

49.0 
53.7 
51.1 

42.0 
61.5 
52.7 

48.8 
55.3 
52.1 

49.1 
58.1 
53.7 

52.4 
56.2 
54.1 

48.4 
60.3 
54.1 

37.2 
56.2 
49.7 

.1 
.3 

(2)  .2 

.3 
.9 

(8)  .5 

.3 

(3)  .3 

(1)  .2 

.2 
.9 

(9)  .5 

(i)V.2 

.4 

2.0 
1.0 

.9 
2.0 
1.4 

.6 
3.0 
1.2 

.8 
1.3 
1.0 

.9 
1.3 
1.1 

.8 
1.3 
1.0 

.9 
1.5 
1.1 

.8 
1.9 
1.3 

1.115 
1,360 
1,225 

MIO 
1,235 
1,190 

040 
1,415 
1,205 

1,095 
1,245 
1,190 

1,230 
1,305 
1,200 

1,200 
1,245 
1,220 

1,1  iO 
1,380 
1,230 

805 
1,260 
1,140 

247 

Maximum 

302 

Average 

272 

White  bread,  milk,  as 
purchased: 
Minimum 

246 

Maximum 

274 

Average 

264 

White  bread,   miscel- 
laneous,   as   pur- 
chased: 
Minimum 

206 

Maximum 

314 

Average 

267 

White     bread,     New 
England,  as  pur- 
chased: 
Minimum 

243 

Maximum 

276 

Average 

264 

White  bread,  Quaker, 
as  purchased: 
Minimum 

273 

Maximum      

290 

Average 

266 

White  bread,  split,  as 
purchased: 
Minimum 

266 

Maximum 

276 

Average           

271 

White  bread,  Vienna, 
as  purchased: 
Minimum 

246 

Maximum 

306 

Average 

273 

Whole  wheat  bread,  as 
purchased: 
IVfinimum          

198 
280 
253 

Maximum 

Averacre           

1  Fiber  included. 

2  Number  of  determinations  in  parentheaea. 
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Food  Materials 


Per 

cent 
Water 


Per 

cent 
Pro- 
tein 


Per 

cent 
Fat 


Per 
cent 
Car- 
bohy- 
drates^ 


Per 
cent 
Fiber2 


Per 

cent 
Ash 


Calories 

per 
Pound 


Fuel  Value 


Calories 
per  100 
Grams 


VEGETABLE  FOOD— 

Con. 
Bread,  Crackers,  Pastry, 

etc. 
Bread,  wheat: 

Zwieback,   as  pur- 
chased: 

Minimum 

Maximum 

Average 


Crackers: 
Boston   (split)    crack 
ers,  as  purchased: 

Minimum 

Maximum 

Average 

Butter     crackers,     as 
purchased: 

Minimum 

Maximum 

Average 

Cream     crackers,     as 
purchased: 

Minimum 

Maximum 

Average 

Egg  crackers,  as  pur 
chased: 

Minimum 

Maximum 

Average 

Flatbread,   as  pur- 
chased: 

"Minimum 

Maximum 

Average 

Graham   crackers,    as 
purchased: 

Minimum 

Maximum 

Average 

Oatmeal   crackers, 
purchased: 

Minimum 

Maximum 

Average 


5.0 

7.7 
5.8 


6.8 
8.2 
7.5 


5.2 
9.5 

7.2 


4.3 

8.9 
6.8 


5.4 
6.3 

5.8 


9.4 

10.5 

9.8 


3.1 

8.4 
5.4 


4.9 

7.8 
6.3 


8.6 

11.7 

9.8 


10.7 
11.3 
11.0 


9.2 

11.2 

9.6 


8.6 

11.2 

9.7 


12.4 
12.8 
12.6 


13.5 
15.6 
14.9 


7.4 
14.4 
10.0 


10.4 
13.1 
11.8 


8.1 

11.3 

9.9 


7.1 
9.9 

8.5 


8.0 
13.6 
10.1 


10.7 
13.8 
12.1 


11.9 
16.0 
14.0 


1.1 

13.6 

9.4 


8.5 
13.7 
11.1 


72.1 
74.2 
73.5 


73.4 
71.1 


76.3 
69.4 
71.6 


68.0 
72.4 
69.7 


63.7 
69.5 
66.6 


72.7 
75.3 
73.6 


69.7 

77.2 
73.8 


68.3 
69.6 
69.0 


(1)  .^ 


.3 
.4 

(2)  .4 


.2 
1.1 

(5)  .6 


.6 
2.4 

(2)1.5 


(1)1.9 


1.0 
1.0 


1.4 
2.4 
1.9 


.9 
2.4 
1.5 


1.1 
2.6 
1.7 


1.2 
1.0 


.5 
1.5 
1.2 


1.2 
1.9 
1.4 


1.4 
2.3 

1.8 


1,915 
2,015 
1,970 


1,875 
1,895 

1,885 


1,840 
2,250 
1,935 


1,945 
2,080 
1,990 


2,100 
2,025 
2,060 


1,660 
1,675 
1,665 


1,705 
2,050 
1,955 


1,870 
2,065 
1,970 


1  Fiber  included. 

2  Number  of  determinations  in  parentheses. 


CHEMICAL  COMPOSITION    «.i     AMEHK^VX  FOODS 


rau 


Food  Materials 


VEGETABLE  FOOD— 

Con, 
Bread,  Crackers,  Pwttnj, 

etc. 
Crackers: 
Oyster     crackers,     as 
purchased : 

Minimum 

Maximum 

Average 

Pilot   bread,    as   i)ur- 
chased: 

Minimum 

Maximum 

Average 

Pretzels,  as  purchased: 

Minimum 

Maximum 

Average 

Saltines,  as  purchased : 

Minimum 

Maximum 

Average 

Soda  crackers,  as  pur- 
chased: 

Minimum 

Maximum 

Average 

Water  crackers,  as  pur- 
chased: 

Minimum 

Maximum 

Average 

Cracker  meal,  as  pur- 
chased: 

Minimum 

Maximum 

Average 

Cake: 

Baker's  cake,  as  pur- 
chased: 

Minimum 

Maximum 

Average 

Chocolate  layer  cake, 
as  purchased 


Per 

ct»nt 
Water 


3.8 
6.5 

4.8 


7.9 
9.9 

8.7 

8.1 

11.0 

9.6 

4.6 
6.7 
5.6 


3.7 

8.4 
5.9 


4.7 
9.5 
6.4 


9.2 
9.3 
9.2 


28.3 
34.4 
31.4 

20.5 


Per 

cent 
IVo. 
tcin 


9.1 
17.3 
11.3 


10.4 
12.4 
11.1 

9.1 

10.3 

9.7 

9.9 
11.2 
10.6 


8.8 

10.7 

9.8 


10.4 
12.5 
11.7 


9.6 
12.2 
10.9 


4.6 
8.0 
6.3 

6.2 


Per 

cent 
Fat 


Pbr 

cent 

Car- 

boby. 

dr«t«t> 


1.S 
10..') 


io!2 

5.0 

3.9 
3.9 
3.9 

12.7 
12.S 


7.7 

10.0 

9.1 


.2 

10.1 
5.0 


.6 

11.3 

6.0 


3.4 
5.9 
4.6 

8.1 


69.1 
77.5 
70.5 


70.3 
78.0 
74.2 

71.1 
74.5 

72.8 

67.1 
69.9 
68.5 


70.5 
75.4 
73.1 


72.9 
80.8 
75.7 


68.3 
77.4 
72.9 


53.3 
60.5 
56.9 

64.1 


Per 
oent 
nbeH 


(1)  .2 


.3 
.3 

(2)  .3 

.4 
.5 
(2)  .6 

.3 
.6 
.5 


(1)  .3 


Per 
cent 
Airii 


CalorkiCdoriM 


.9 
5.9 
2.9 


.9 
1.1 
1.0 

3.2 
4.9 
4.0 

2.3 

2.8 
2.6 


1.8 
2.6 
2.1 


.5 
2.0 
1.2 


.5 
1.6 
1.0 


.7 
.9 

.8 

1.1 


Fuel  Vauju 


Pound 


i,a55 

2,055 
1,905 


1,665 
1,930 
1,800 

1,655 
1,740 
1,700 

1,995 
2,025 
2,005 


1,850 
1,980 
1,925 


1,730 
1,910 
1,835 


1,600 
1,925 
1,810 


1,285 
1,460 
1,370 

1,650 


per  100 
Qnum 


412 
500 


370 
428 
400 

307 
386 
377 

443 
450 
445 


411 
440 
427 


384 
421 
407 


375 
427 
402 


285 
324 
301 

366 


1  Fiber  included. 

2  Number  of  determinations  in  parentheses. 


740 


AI^ALYSIS    OF    AMERICA:N'    FOODS 


Food  Materials 


Per 
cent 
Water 


Per 

cent 
Pro- 
tein 


Per 

cent 
Fat 


Per 
cent 
Car- 
bohy- 
drates 


Per 
cent 
Fiber 


Per 

cent 
Ash 


Fuel  Value 


Calories 

per 
Pound 


Calories 
per  100 
Grams 


VEGETABLE  FOOD- 
Con. 

Bread,  Crackers,  Pas- 
try, etc. 
Cake: 
Coffee   cake,   as  pur- 
chased: 

Minimum 

Maximum 

Average 

Cup  cake,  as  pur- 
chased: 

Minimum. 

Maximum 

Average 

Drop  cake,  as  pur- 
chased  

Frosted  cake,  as  pur- 
chased: 

Minimum 

Maximum 

Average 

Fruit  cake,  as  pur- 
chased: 

Minimum 

Maximum 

Average 

Gingerbread,  as  pur- 
chased: 

Minimum 

Maximum 

Average 

Miscellaneous,  as  pur- 
chased: 

Minimum 

Maximum 

Average 

Sponge  cake,  as  pur- 
chased: 

Minimum 

Maximum 

Average 

All    analyses,    except 

fruit,  as  purchased, 

average 


11.0 
32.0 
21.3 


14.8 
16.3 
15.6 


16.6 


11.4 
26.5 

18.2 


14.4 
18.4 
17.3 


16.1 
21.5 

18.8 


12.0 
33.2 
21.9 


6.3 
22.7 
15.3 


19.9 


4.9 
9.0 
7.1 


5.2 
6.6 
5.9 


7.6 


5.0 
7.5 
5.9 


4.8 
6.7 
5.9 


5.4 
6.3 

5.8 


5.1 
7.1 
5.9 


5.7 
7.3 

6.3 


6.3 


4.7 

10.5 

7.5 


2.5 

15.6 

9.0 


14.7 


7.5 

10.6 

9.0 


9.3 
12.6 
10.9 


8.4 
9.5 
9.0 


6.7 
14.7 
10.6 


6.4 
13.0 
10.7 


9.0 


52.4 

78.8 
63.2 


63.2 

73.8 
68.5 


60.3 


58.3 
71.0 
64.8 


60.9 
67.5 
64.1 


62.3 
64.7 
63.5 


53.6 
64.7 
60.1 


57.3 
71.1 
65.9 


63.3 


.2 

.6 

(4)  .4 


(1)  .3 


.9 
(1)  .9 


(7)  .4 


.6 

1.1 

.9 


.8 
1.2 
1.0 


1.0 
3.4 
2.1 


1.4 
2.2 

1.8 


1.5 
4.3 
2.9 


1.1 
2.3 
1.5 


1.2 
2.5 

1.8 


1.5 


1,395 
1,820 
1,625 


1,600 
1,920 
1,765 


1,885 


1,545 
1,835 
1,695 


1,720 
1,790 
1,760 


1,630 
1,705 
1,670 


1,380 
1,940 
1,675 


1,665 
1,995 
1,795 


1,675 


310 
404 
361 


355 
426 
392 


418 


343 
407 
37-6 


382 
397 
391 


362 
378 
371 


306 
431 
372 


370 
443 

398 


372 


1  Fiber  included. 

2  Number  of  determinations  in  parentheses. 


CHEMICAL  COMPOSITION  OF  AMKRICAN  F(X)I)S      741 


Food  Materials 


VEGETABLE  FOOD— 
Con. 
Bread,  Crackers,  Pas- 
try, etc. 
Cookies,  cakos,  etc.: 
Molasses    cookies,    as 
purchtised : 

Minimum 

Maximum 

Average 

Sugar  cookies,  as  pur- 
chased: 

Minimum 

Maximum 

Average 

Fig  biscuits  or  bars,  as 

purchased 

Ginger  snaps,  as  pur- 
chased: 

Minimum 

Maximum 

Average 

Lady  fingers,  as  pur- 
chased: 

Minimum 

Maximum 

Average 

Miscellaneous  cookies, 
as  purchased: 

Minimum 

Maxmium 

Average 

Macaroons,    as    pur- 
chased: 

Minimum 

Maximum 

Average 

Wafers,  miscellaneous, 
as  purchased: 

Minimum 

Maximum 

Average 

Wafers,  vanilla,  as  pur- 
chased: 

Minimum 

Maximum 


Per 
cent 
WaUr 


Average 6.7 


4.0 

10.2 

6.2 


4.3 
13.3 

8.3 

17.9 


4.3 
9.7 
6.3 


10.5 
21.7 
15.0 


5.5 
19.7 
10.3 


5.9 
27.5 
12.3 


5.3 

8.5 
6.6 


4.8 
9.3 


Per 

cent 
Pro- 
tcin 


6.0 
9.7 
7.2 


4.5 
8.0 
7.0 

4.6 


5.8 
7.3 
6.5 


6.8 
10.5 

8.8 


4.3 
9.0 
6.7 


3.1 

10.6 

6.5 


7.6 
10.4 

8.7 


5.6 

2.8 
6.6 


Per 

cent 
Fat 


3.9 

11.8 

8.7 


4.8 
16.7 
10.2 

6.6 


2.3 

15.4 

8.6 


3.1 
7.6 
5.0 


4.8 

14.2 

9.6 


9.6 
21.5 
15.2 


2.5 

14.7 

8.6 


6.4 
19.6 
14.0 


Per 

cent 

Car- 

lx>hy- 

dratett 


Ptar 

cent 
Filler' 


70.3 
78.4 
76.7 


69.1 

84.4 
73.2 

69.8 


71.9 
80.8 
76.0 


67.9 
72.9 
70.6 


61.3 
77.3 
72.4 


57.1 
71.4 
65.2 


63.5 
81.3 
74.5 


65.0 
77.9 
71.6 


.3 
2.9 
(3)1.1 

1.7 


.4 

.9 

(5)  .7 


.1 

.4 

(2)  .2 


.1 

.4 

1.2 


.6 
1.8 
1.1 


.1 
.4 
(5)  .3 


P^ 

cent 
Aah 


FvBL  VAum 


CalorifliCaloriai 


per 
Pbund 


1.5 
3.0 
2.2 


.6 
3.4 
1.3 


1.1 


1.8 
3.7 
2.6 


.5 
2.3 
1.0 


.4 
1.0 

.8 


.6 
2.9 
1.6 


.5 
1.5 
1.1 


per  100 
Qnuns 


1.725 
1.906 
1,910 


1J16 
2,136 
1,920 

1,660 


1,605 
2,100 
1,805 


1,513 
1,835 
1,685 


1,760 
1,955 
1,876 


1,666 
2,220 
1,976 


1,780 
1.996 
1,910 


1,850 
2.160 
2.016 


383 
443 
424 


381 
474 
426 

368 


376 
466 
421 


336 
407 
374 


391 
434 
416 


347 
493 
438 


306 
448 
424 


411 
477 
464 


1  Fiber  included. 

2  Number  of  determinations  in  parentheses. 


742 


AI^ALYSIS    OF    AMEPJCA:N"    FOODS 


Food  Materials 


Per 

cent 
Water 


Per 

cent 
Pro- 
tein 


Per 

cent 
Fat 


Per 
cent 
Car- 
bohy- 
drates 1 


Per 
cent 
Fiber 


Per 

cent 
Ash 


Fuel  Value 


Calories 

per 
Pound 


Calories 
per  100 
Grams 


VEGETABLE  FOOD— 
Con. 

Bread,  Crackers,  Pas- 
try, etc. 
Cookies,  cakes,  etc.: 
Wafers,  all  analyses,  as 
purchased,  average . 
Miscellaneous     cakes, 
as  purchased: 

Minimum 

Maximum 

Average 

Doughnuts,    as    pur 
chased: 

Minimum 

Maximum 

Average 

Jumbles,  as  purchased  : 

Minimum 

Maximum 

Average 

Pie,    apple,    as    pur 
chased: 

Minimum 

Maximum 

Average 

Pie,    cream,    as    pur- 
chased : 

Minimum 

Maximum 

Average 

Pie,  custard,  as  pur 

chased 

Pie,    lemon,    as    pur- 
chased  

Pie,  mince,    as    pur 
chased: 

Minimum 

Maximum 

Average 

Pie,    raisin,    as    pur- 
chased  

Pie,   squash 

chased. 

Pudding,  Indian  meal 

as  purchased .... 


as  pur- 


6.6 


3.2 

17.9 

8.2 


11.0 

25.8 
18.3 

6.7 

24.8 
14.3 


40.2 
45.5 
42.5 


27.8 
37.2 
32.0 

62.4 

47.4 


34.1 
51.1 
41.3 

37.0 

64.2 

60.7 


7.6 


4.2 

13.1 

7.6 


5.1 
7.6 
6.7 

6.3 
7.9 
7.4 


2.6 
3.8 
3.1 


2.1 
5.6 
4.4 

4.2 

3.6 

4.5 
7.5 

5.8 

3.0 
4.4 
5.5 


11.6 


1.7 

17.0 

9.0 


16.4 
25.7 
21.0 

10.9 
15.7 
13.5 


7.7 

11.3 

9.8 


6.9 
17.9 
11.4 

6.3 

10.1 

9.7 
14.5 
12.3 

11.3 

8.4 
4.8 


72.9 


62.9 
84.6 
74.0 


45.8 
63.2 
53.1 

51.9 
72.1 
63.7 


40.3 
46.2 

42.8 


42.3 

55.8 
51.2 

26.1 

37.4 

30.4 
44.0 
38.1 

47.2 

21.7 

27.5 


(10).3 


.2 

.7 
(16).3 


.6 
.3 

(2)  .7 

.2 
1.0 

(3)  .5 


1.3 


1.9 
1.2 


.4 

1.9 

.9 

.6 
1.3 
1.1 


.9 

2.8 
1.8 


.5 
1.5 
1.0 

1.0 

1.5 

1.3 
4.4 
2.5 

1.5 

1.3 

1.5 


1,985 


1,560 
2,060 
1,900 


1,795 
2,155 
2,000 

1,745 
2,025 
1,890 


1,180 
1,320 
1,270 


441 


346 
457 

422 


398 
478 
444 

387 
450 
420 


262 
293 

282 


1,425 
1,580 
1,515 

316 
351 
336 

830 

184 

1,190 

264 

1,115 
1,535 
1,335 

247 
341 
296 

1,410 

313 

840 

186 

815 

181 

1  Fiber  included. 

2  Number  of  determinations  in  parentheses. 


CHEMICAL   COMPOSITION    OF   AMKHK'AN    FOODS    743 


Food  Materials 


VEGETABLE  FOOD— 

C07l. 

Bread,  Crackers,  Pas- 
try, etc. 
Cookies,  cakes,  etc.: 
Pudding,  rice  custard, 

as  purcliased . 
Pudding,    tapioca,    as 
purchased : 

Minimum 

Maximum 

Average 

Pudding,  tapioca,  with 
apples,     as    pur 

chased 

Sugars,  Starches,  etc. 
Candy,  as  purchased.. .  . 
Honey,  as  purchased: 

Minmium 

Maximum , 

Average 

Molasses,  cane,  as  pur- 
chased: 

Minimum 

Maximum 

Average 

Starch,     arrowroot, 

purchased 

Starch,    cornstarch, 

purchased 

Starch,  manioca,  as  pur- 
chased  

Starch,    sago,    as    pur- 
chased  

Starch,  tapioca,  as  pur- 
chased: 

Minimum 

Maximum 

Average 

Sugar,   coffee  or  brown 

sugar,  as  purchased..  . 

Sugar,  granulated  sugar, 

as  purchased 

Sugar,    maple,    as   pur- 
chased : 
Minimum.  . . 
Maximum. . . 
Average 


Per 

cent 
Water 


as 


as 


59.4 


52.0 
71.0 
64.5 


70.1 


14.3 

21.8 
18.2 


19.0 
33.6 
25.1 

2.3 


10.5 
12.2 


10.3 
12.3 
11.4 


Per 

cent 
Pro- 
tein 


4.0 


2.8 
4.2 
3.3 


.2 

1.1 

.4 


5.1 
2.4 


.5 
9.0 


Per 

CIMlt 

Fat 


Per 

OPflt 
CttT- 

drateii 


ir, 


2.3 
4.8 
3.2 


31.4 


21.9 
38.1 
28.2 


29.3 

96.0 

77.3 
85.4 
81.2 


58.8 
76.7 
69.3 

97.5 

90.0 

88.8 
78.1 

86.6 
89.0 
88.0 

95.0 

100.0 


74.0 
95.2 

82.8 


cont 
Hbcr< 


Ptar 
Ash 


CaloriMdJorki 


.1 
.2 

(5).l 


.6 
7.2 
3.2 

.2 


Fuel  Vau/b 


Pbund 


825 


NO 
990 
720 


566 

1,785 

1,450 
1,590 
1,520 

1,180 
1,345 
1,290 

1,815 

1,675 

1,665 

1,635 

1,635 
1,656 
1,650 

1,765 

1,860 


1,375 
1,770 
1,540 


per  100 
GnuM 


183 


126 
220 
160 


123 

396 

322 
353 
337 

262 

298 
286 

403 

372 

370 

363 

363 
368 
366 

392 

413 

305 
393 
342 


1  Fiber  included. 

2  Number  of  determinations  in  parent Iichos. 


744 


ANALYSIS   or   AMERICA:^   FOODS 


Food  Materials 


Per 
cent 
Water 


Per 
cent 
Pro- 
tein 


Per 
cent 
Fat 


Per 
cent 
Car- 
bohy- 
drates^ 


Per 

cent 
Fiber2 


Per 
cent 
Ash 


Fuel  Value 


Calories 

per 
Pound 


Calories 
per  100 
Grams 


VEGETABLE  FOOD— 
Con. 
Sugars,  Starches,  etc. 
Sugar,  powdered,  as  pur- 
chased  

Sirup,    maple,    as    pur- 
chased: 

Minimum 

Maximum 

Average 

Vegetables ' 
Artichokes,  as  purchased 

Minimum 

Maximum 

Average 

Asparagus,  fresh,  as  pur- 
chased: 

Minimum 

Maximmn 

Average 

Asparagus,    cooked,    as 

purchased 

Beans,  butter,  green: 

As  purchased 

Beans,    dried,    as    pur- 
chased: 

Minimum 

Maximum 

Average 

Beans,  frijoles  (N.  Mex.) 
as  purchased: 

Minimum 

Maximum 

Average 

Beans,   Lima,  dried,  as 
purchased: 

Minimum 

Maximum 

Average 

Beans,   Lima,   fresh, 
purchased.^ 


as 


77.5 
8L5 
79.5 


93.6 
94.3 
94.0 

91.6 

29.4 


9.6 
15.5 
12.6 


6.3 
9.9 
7.5 


8.3 
12.2 
10.4 

30.8 


2.2 
2.9 
2.6 


1.6 
2.1 
1.8 

2.1 

4.7 


19.9 
26.6 
22.5 


20.9 
24.4 
21.9 


12.8 
24.5 
18.1 

3.2 


3.3 
.3 


1.4 
3.1 
1.8 


1.0 
1.5 
1.3 


.6 
1.9 
1.5 

.3 


100.0 


81.9 
71.4 



15.3 
18.3 
16.7 

.8 
.9 
.8 

3.6 
3.1 
3.3 

.7 

.8 
.8 

2.2 

.... 

14.6 



57.2 
63.5 
59.6 

3.2 

7.2 

(4)4.4 

60.7 
66.9 
65.1 

.... 

61.6 
70.1 
65.9 



9.9 

.8 

.9 
1.1 
1.0 


.5 
1.0 

.7 


1.0 


2.7 
4.4 
3.5 


4.0 
4.4 
4.2 


3.6 
4.7 
4.1 


.8 


1,860 


855 
1,525 
1,330 


330 
395 
365 


106 
110 
105 

220 

370 


1,540 
1,690 
1,605 


1,625 
1,695 
1,675 


1,600 
1,645 
1,625 

255 


413 


190 
338 
295 


73 

87 
81 


23 
24 
23 

48 

82 


342 
375 
356 


361 
376 
372 


355 
365 
361 

56 


1  Fiber  included. 

2  Number  of  determinations  in  parentheses. 

«  Such  vegetables  as  potatoes,  squash,  beets,  etc.,  have  a  certain  amount  of  inedible 
material,  skin,  seeds,  etc.  The  amount  varies  with  the  method  of  preparing  the  vege- 
tables and  cannot  be  accurately  estimated.  The  figures  given  for  refuse  of  vegetables, 
fruits,  etc.,  are  assumed  to  represent  approximately  the  amount  of  refuse  in  these 
foods  as  ordinarily  prepared. 
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Food  Materials 


VEGETABLE  FOOD— 
Con, 

Vegetables 
Beans,  mesquite,  dry,  as 

purchased 

Beans,  string,  cooked. 
Beans,  string,  fresh: 

Minimum 

Maximum 

Average 

As  purchased.  . . . 

Beets,  cooked 

Beets,  fresh: 

Minimum 

Maximum 

Average 

As  purchased.  . . . 
Cabbage : 

Minimum 


i'er 
cent 
Water 


Per 
cent 
Pro- 
tein 


4.8 
95.3 

83.5 
91.7 
89.2 
83.0 
88.6 

79.5 
94.1 
87.5 
70.0 

86.0 


Maximum 94.3 


Average 

As  purchased 

Cabbage,  curly,  as  pur- 
chased  

Cabbage  sprouts,  as  pur- 
chased  

Carrots,  fresh: 

Minimum 

Maximum 

Average 

As  purchased 

Carrots,  evaporated 

Cauliflower,  as  purchase 

Minimum.  . . 

Maximum. . . 

Average 

Celery: 

Minimum.  . . 

Maximum. . . 

Average 

As  purchased 
CoUards: 

Minimum.  . . 

Maxunum. . . 

Average 

As  purchased 


91.5 
77.7 

87.3 

33.7 

83.1 
21.1 
.88.2 
70.6 
3.5 
i: 

90.8 
93.8 
92.3 

93.1 
95.0 
94.5 
75.6 

85.8 
88.3 
87.1 
39.5 


12.2 

.8 

1.7 
2.8 
2.3 
2.1 
2.3 

.9 
3.0 
1.6 
1.3 

.2 
2.9 
1.6 
4.1 

4.1 

1.8 

.7 
2.0 
1.1 

.9 

7.7 

1.6 
2.0 
1.8 

1.0 

1.4 

1.1 

.9 

3.3 
5.7 
4.5 
1.5 


I'or 
wnt 
Fat 


2.5 
1.1 

.2 
.4 
.3 
.3 
.1 

.1 
.2 
.1 
.1 

.1 
.7 
.3 
.6 

.6 

.4 


.7 

.4 

.2 

3.6 

.2 

.8 
.5 

.1 
.2 
.1 
.1 

.5 
.7 
.6 
.2 


cent 

Car- 

bohy- 

dratc«> 


77.1 
1.0 

5.1 

12.6 
7.4 
6.9 
7.4 

3.8 

16.3 

9.7 

7.7 

3.4 
8.0 
5.6 
6.2 

6.2 

1.7 

6.5 

13.8 

9.3 

7.4 

80.3 

3.4 
6.0 
4.7 

3.0 
4.6 
3.3 
2.6 

6.2 
6.5 
6.3 
2.9 


Per 

cent 
Fiber' 


1.2 
2.6 

(2)1.9 
1.8 


.6 
1.7 

(18).9 


.5 
1.6 

(8)1.1 


Per 
cent 
Aah 


.6 
2.3 
(15)1.1 


(1)1.0 


3.4 
.0 

.7 
.9 
.8 
.7 
1.6 

.7 
2.0 
1.1 

.9 

.4 

2.4 
1.0 

1.8 

1.8 
.6 

.6 
1.6 
1.0 

.9 
4.9 

.6 
.8 
.7 

.9 
1.1 
1.0 

.8 

1.4 

1.6 

1.5 

.6 


fVWL  Vaujb 


jCalorMCtlorki 

per 
Pound 


1.705 
95 

155 
300 
195 
180 
185 

95 
365 
215 
170 

100 
225 
145 
215 

215 

80 

155 
295 
210 
160 
1,790 

110 
175 
140 

75 

115 

85 

70 

205 

250 

225 

90 


302 
21 

36 
66 

43 

40 
41 

21 
81 
47 
37 

22 
50 
32 
47 

47 

17 

34 
65 
46 
35 
397 

24 
38 
31 

16 
25 
18 
15 

45 
55 
50 
20 


1  Fiber  included. 

2  Number  of  determinations  in  parentheses. 
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Food  Materials 


Per 
cent 
Water 


Per 
cent 
Pro- 
tein 


Per 
cent 
Fat 


Per 

cent 
Car- 
bohy- 
drates! 


Per 
cent 
Fiber2 


Per 

cent 
Ash 


Fuel  Value 


Calories 

per 
Pound 


Calories 
per  100 
Grams 


VEGETABLE  FOOD 
Con. 
Vegetables 
Com,  green: 

Minimum 

Maximum 

Average 

Cuciunbers: 

Minimum 

Maximum 

Average 

Eggplant 

Greens,  best,  cooked,  as 

purchased 

Greens,     dandelion, 

purchased 

Greens,  turnip-salad,  as 
purchased : 

Minimum 

Maximum 

Average 

Kohlrabi: 

Minimum 

Maximum 

Average 

Leeks 

Lentils,    dried,    as   pur- 
chased: 

Minimum 

Maximum 

Average 

Lettuce: 

Minimum 

Maximum 

Average 

Mushrooms,    as    pur- 
chased: 

Minimum 

Maximum 

Average 

Okra: 

Minimum 

Maximum 

Average 

Onions,  fresh: 

Minimum 

Maximum 

Average 


72.1 
81.3 
75.4 

94.7 
96.3 
95.4 
92.9 

89.3 

81.4 


84.4 
89.0 
86.7 

90.9 
91.3 
91.1 
91.8 


6.4 
10.7 

8.4 

91.5 
97.0 
94.7 


70.8 
94.4 
88.1 

87.4 
92.9 
90.2 

81.5 
95.2 
87.6 


2.8 
3.7 
3.1 

.5 
.9 

.8 
1.2 

2.2 

2.4 


3.2 
5.2 
4.2 

1.7 
2.3 
2.0 
1.2 


24.5 
26.6 
25.7 

.7 
1.8 
1.2 


1.7 
6.0 
3.5 

1.2 
2.0 
1.6 

.2 
4.4 
1.6 


1.0 
1.1 
1.1 

.1 
.5 
.2 
.3 

3.4 

1.0 

.5 


.7 
1.5 
1.0 

.1 
.6 
.3 


14.1 
22.6 
19.7 

2.2 
4.0 
3.1 
5.1 

3.2 

10.6 


5.5 
7.1 
6.3 

5.4 
5.6 
5.5 

5.8 


58.6 
59.8 
59.2 

1.6 
4.9 
2.9 


2.4 

20.3 

6.8 

5.3 
9.5 
7.4 

4.2 

15.5 

9.9 


(1).5 

.5 

.9 

(2).7 


1.1 
1.4 
1.3 


.4 
1.1 

(7)  .7 


.1 
2.0 


(8) 


(1)3.4 

.7 
1.3 

(7)  .8 


.7 
.8 

.7 

.3 
.6 
.5 
.5 

1.7 

4.6 


1.8 
2.5 
2.2 

1.3 
1.3 
1.3 

.7 


3.2 

8.6 
5.7 

.5 

1.2 

.9 


.7 
2.2 
1.2 

.5 

.7 
.6 

.1 

1.2 

.6 


360 
530 
470 

65 

95 

80 

130 

245 

285 


180 
265 
220 

140 
145 
145 
150 


1,595 
1,635 
1,620 


65 

150 

90 


90 
525 
210 

125 
230 
175 

90 
335 
225 


80 
117 
104 

14 
21 

17 

28 

54 
63 


40 

58 
48 

31 
32 
32 
33 


354 
363 
360 

14 
33 
20 


20 

116 

46 

27 
51 
38 

20 
74 
50 


1  Fiber  included. 

2  Number  of  determinations  in  parentheses. 
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Food  Materials 


VEGETABLE  FOOD— 
Con. 

Vegetables  • 
Onions,    cooked,    pre- 
pared, as  purchased . . 
Onions,  green  (New  Mex- 
ico) : 

Minimum 

Maximum 

Average 

Parsnips: 

Minimum 

Maximum 

Average 

Peas,  dried,  as  purchased  : 

Minimum 

Maximum 

Average 

Peas,  green: 

Minimum 

Maximum 

Average 

Peas,  green,  cooked,  as 

purchased 

Peas,  sugar  green 

Cowpeas,  dried,  as  pur 
chased: 

Minimum 

Maximum 

Average 

Cowpeas,  green 


Potatoes,  raw  or  fresh : 

Minimum 

Maximum 

Average 

Potatoes,  evaporated,  as 
purchased : 

Minimum 

Maximum 

Average 

Potatoes,  cooked,  boiled 
as  purchased: 

Minimum 

Maximum 

Average 


Per 

cent 
VVnUT 


91.2 


80.4 
8K.7 
87.1 

79.5 
89.2 
83.0 

6.9 

15.0 

9.5 

71.6 
78.1 
74.6 

73.8 

81.8 


10.0 
20.9 
13.0 
65.9 


67.8 
84.0 
78.3 


4.8 
8.7 
7.1 


69.7 
81.0 
75.5 


Per 

cent 
Pro- 
iein 


1.2 


.8 
1.3 
1.0 

1.4 
1.9 
1.6 

20.4 
28.0 
24.6 

4.4 
8.0 
7.0 

6.7 
3.4 


19.3 

23.0 

21.4 

9.4 


1.1 
3.0 
2.2 


7.3 
9.5 

8.5 


1.8 
3.1 
2.5 


Per 

rent 
Fat 


1.8 


.1 
.2 
.1 

.2 
.8 
.5 

.8 
1.3 
1.0 

.3 
.6 
.5 

3.4 
.4 


1.1 

1.6 

1.4 

.6 


Per 

wnt 

Ciir- 

bohy* 

drstM* 


4.0 


0.0 
12.4 
11.2 

8.5 
16.7 
13.5 

58.0 
67.4 
62.0 

13.4 
18.9 
16.9 

14.6 
13.7 


53.1 
65.4 
60.8 
22.7 


13.5 
•27.4 

18.4 


79.5 
82.2 
80.9 


16.1 
26.5 
20.0 


JVr 

cmt 
HberH 


(1)2.5 

1.2 
7.0 

(2)4.5 


(1)1.7 


1.6 


3.4 
5.0 
4.1 


.2 
.0 

(53).4 


(1)  .6 


P^ 
oetii 
Aflb 


leAlorMCiOoriM 
r  too 


.5 

.7 
.6 

.7 
1.0 
1.4 

2.2 
4.3 
2.0 

.0 

1.0 

1.5 

.7 


2.0 
3.8 
3.4 
1.4 


.5 
1.0 
1.0 


2.7 
3.6 
3.1 


1.4 
1.0 


Finn*  Value 


100 


205 
965 

280 

100 
375 

aoo 

1,570 
1,070 
1,055 

400 

405 

540 
335 


1.450 

1,050 

1,500 

020 


285 
570 
385 


1,540 
1,725 
1,680 


340 
545 
440 


42 


46 

58 
51 

42 
83 
66 

348 
371 
367 


103 

120 
74 


322 
366 
353 
137 


68 

126 

85 


364 
388 

378 


75 

121 

07 


1  Fiber  incliuled. 

2  Xiiniber  of  determinations  in  parentliow*. 

49 
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ANALYSIS   or   AMERTCAH   FOODS 


Food  Materials 


chips, 


VEGETABLE  FOOD— 
Con. 
Vegetables 
Potatoes,  cooked 
as  purchased: 

Minimum 

Maximum 

Average 

Potatoes,  cooked,  mashed 
and  creamed,  as  pur- 
chased: 

Minimum 

Maximum 

Average 

Potatoes,  sweet,  raw,  or 
fresh: 

Minimum 

Maximum 

Average. . 
Potatoes,  sweet,  cooked 
and  prepared,  as  pur- 
chased  

Pumpkins: 
Minimum. 
Maximum 
Average.. 
Radishes: 

Minimum. 
Maximum 
Average.. . 
Rhubarb: 

Minimum. 
Maximum, 
Average.  . 
Ruta-bagas: 
Minimum. 
Maximum, 
Average..  . 
Sauerkraut,  aspurchased: 

Minimum 

Maximum 

Average 

Spinach,  fresh,  as  pur- 
chased: 

Minimum   

Maximum 

Average 


Per 
cent 
Water 


1.8 
2.6 
2.2 


68.9 
78.0 
75.1 


45.8 
79.0 
69.0 


51.9 

92.3 
94.4 
93.1 

86.6 
94.8 
91.8 

92.7 
96.1 
94.4 

87.1 
91.3 

88.9 

86.3 
91.3 

88.8 


91.6 
92.8 
92.3 


Per 
cent 
Pro- 
tein 


6.0 
7.6 
6.8 


2.0 
3.6 
2.6 


Per 
cent 
Fat 


35.5 
44.2 
39.8 


1.0 
4.5 
3.0 


Per 

cent 
Car- 
bohy- 
drates 


.4 
3.7 
1.8 

.2 
1.4 

.7 

3.0 

2.1 

.9 
1.1 
1.0 

.1 
.2 
.1 

.5 
3.0 
1.3 

".'3 
.1 

.3 

.8 
.6 

.1 
1.2 

.7 

.9 
2.0 
1.3 

.1 
.3 
.2 

1.5 
1.9 
1.7 

.2 

.8 
.5 

1.8 
2.4 
2.1 

.2 
.5 
.3 

42.7 
50.6 
46.7 


13.9 
22.4 
17.8 


17.1 
49.1 
27.4 


42.1 

3.9 
5.9 
5.2 

3.4 

8.3 

5.8 

2.9 
4.4 
3.6 

6.2 
10.3 

8.5 

3.3 
4.4 
3.8 


3.1 
3.4 
3.2 


Per 

cent 
Fiber2 


Per 
cent 
Ash 


Fuel  Value 


Calories 

per 
Pound 


.6 
4.6 

(88)1.3 


.9 
1.1 
1.2 

.7 

.7 

(2)  .7 


(1)1.1 


1.1 
1.4 
1.2 


.7 

1.0 

.9 


4.5 
4.5 
4.5 


1.1 
2.0 
1.5 


.7 
2.0 
1.1 


.9 

.6 

.7 
.6 

.7 
1.8 
1.0 

.6 
.9 

.7 

.7 
1.4 
1.1 

3.3 
7.0 
5.2 


1.9 
2.4 
2.1 


2,580 
2,770 
2,675 


420 
615 
505 


385 
915 
570 


925 

95 
135 
120 

85 
225 
135 

65 
145 
105 

135 
220 
190 

105 
145 
125 


100 
120 
110 


Calories 
per  100 
Grams 


»  Fiber  included. 

2  Number  of  determinations  in  parentheses. 
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Food  Materials 


VEGETABLE  FOOD— 
Con. 
Vegetables 
Spinach,  cooked,  as  pur- 
chased  

Squash : 

Minimum 

Maximum 

Average 

Tomatoes,  fresh,  as  pur- 
chased: 

Minimum 

Maximum 

Average 

Tomatoes,  dried,  as  pur- 
chased  

Turnips: 

Minimum 

Maximum 

Average 

Vegetables,  canned 
Artichokes,  as  purchased : 

Minimum 

Maximum..., .... 

Average 

Asparagus,  as  purchased 

Minimum 

Maximum 

Average 

Beans,    baked,    as   pur- 
chased: 
Minimum.  . , 
Maximum. . . 

Average 

Beans,    string,    as   pur- 
chased: 

Minimum 

Maximum 

Average 

Beans,    Httle   green, 

purchased 

Beans,  wax,  as  purchased 
Beans,  haricots  verts,  as 
purchased: 

Minimum 

Maximum. . . 


as 


Per 

cent 
Wat<»r 


Per 

cent 
Pro. 
tein 


Average 95.2 


78.9 
95.2 

88.3 


9L3 
96.3 
94.3 

7.3 

70.1 
95.7 
89.6 


90.2 
93.9 
92.5 

92.9 
95.4 
94.4 


59.9 

78.2 
68.9 


77.3 
96.3 
93.7 

93.8 
94.6 


94.3 
96.1 


2.1 

.6 
3.1 
1.4 


.3 

1.3 

.9 


12.9 

.7 
3.9 
1.3 


.5 
1.0 

.8 

.9 
2.4 
1.5 


5.1 
8.1 
6.9 


.6 
4.0 
1.1 

1.2 
1.0 


.9 
1.4 
1.1 


Per 

cent 
Fat 


4.1 

.1 

1.4 

.5 


.2 

1.4 

.4 

8.1 

.1 
.4 
.2 


.3 
6.8 
2.5 


Pte* 

orat 

Car- 

bohy< 

draUs* 


2.6 

3.5 

16.1 

9.0 


2.2 

6.5 
3.9 

62.3 

2.8 

23.8 

8.1 


3.7 

6.8 
8.0 

2.2 
4.1 

2.8 


13.1 
23.2 
19.6 


2.0 

13.5 

3.8 

3.4 
3.1 


2.1 
3.0 
2.5 


cent 
FiberH 


.6 
1.2 

(5)  .8 


.5 
1.2 

(22).6 


.8 
3.2 
(9)1.3 


1.3 
4.5 

(12)2.51 


.4 

.8 
(18).5 

.6 
.6 


OODi 

Aah 


1.4 

.4 

1.6 
A 


.3 
.8 
A 

9.4 

.5 
2.1 

.8 


1.4 
2.2 
1.7 

.8 
1.8 
1.2 


1.4 
1.6 
2.1 


.5 
4.7 
1.3 

1.5 
1.2 


.9 
1.3 
1.1 


F^TBL  VaLUB 


CalorfanCdoriv 


prr 
PouimI 


\tet  100 
(2i 


200 

90 

385 
215 


76 
160 
106 

1,740 

100 
520 
185 


86 
140 
110 

70 

120 

86 


426 
870 
600 


60 

346 

06 

90 
80 


66 

96 
70 


20 
86 
47 


16 
36 
23 


386 

22 

116 

41 


18 
31 
24 

16 
26 
18 


94 
193 
133 


11 
76 
21 

20 
17 


12 
21 
16 


1  Fiber  included. 

2  Number  of  determinations  in  parentheses. 
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AIS^ALYSIS    OF    AMEKICA:^^    FOODS 


Food  Materials 


Per 
cent 
Water 


Per 

cent 
Pro- 
tein 


Per 
cent 
Fat 


Per 
cent 
Car- 
bohy- 
drates' 


Per 
cent 
Fiber- 


Per 
cent 
Ash 


Fuel  Value 


Calories 

per 
Pound 


Calorie^ 
per  100 
Grams 


VEGETABLE  FOOD— 
Con. 
Vegetables,  canned 
Beans,    haricots    flageo- 
lets, as  purchased: 

Minimum 

Maximum 

Average 

Beans,  haricots  panaches, 

as  purchased 

Beans,    Lima,    as    pur- 
chased: 

Minimum 

Maximum 

Average 

Beans,  red  kidneys,  as 

purchased 

Brussels  sprouts,  as  pur- 
chased  

Com,    green,    as    pur 
chased: 

Minimum 

Maximum 

Average 

Corn  and  tomatoes,  as 
purchased: 

Minimtun 

Maximum 

Average 

Macedoine  (mixed  vege- 
tables), as  purchased: 

Minimum 

Maximum 

Average 

Okra,  as  purchased: 

Minimum 

Maximum 

Average 

Okra  and  tomatoes,  as 
purchased: 

Minimum 

Maximum 

Average 

Peas,  green,  as  purchased : 

Minimum 

Maximum 

Average 


80.4 
83.9 
8L6 

86.1 


75.7 
83.9 
79.5 

72.7 

93.7 


68.3 
86.1 
76.1 


83.6 
91.5 

87.6 


91.5 
95.9 
93.1 

94.0 
94.9 
94.4 


91.4 
92.3 
91.8 

77.5 
92.7 
85.3 


4.0 
5.2 
4.6 

3.7 


3.2 
5.6 
7.0 

7.0 

1.5 


2.0 
3.7 

2.8 


1.2 
2.1 
1.6 


.7 
1.7 
1.4 

.5 

.9 
.7 


1.1 
1.2 
1.1 

1.6 
6.1 
3.6 


.5 
1.9 
1.2 


10.8 
13.4 
12.5 

9.2 


10.5 
17.9 
18.5 

18.5 

3.4 


9.8 
25.8 
19.0 


6.4 

12.7 

9.6 


2.3 
5.7 
4.5 

3.3 
3.9 
3.6 


4.8 
5.7 
5.2 

4.9 

17.4 

9.8 


1.0 
1.0 
1.0 

1.0 


.9 
1.4 
1.2 

1.2 

.5 


.4 
1.2 

(43).8 


.4 

.7 
.6 

.4 
1.4 

.7 


.4 
.6 
.5 

.6 
1.5 

(83)1.2 


.9 
1.7 
1.2 

1.0 


1.0 
2.6 
1.6 

1.6 

1.3 


.5 

1.6 

.9 


.5 
1.2 


1.2 
1.0 

.3 
1.7 

1.2 


1.4 
1.8 
1.6 

.3 
2.0 
1.1 


280 
350 
320 

240 


280 
445 
360 

480 

95 


250 
610 
455 


160 
295 
225 


55 
135 
110 

75 
95 

85 


125 
135 
130 

130 
405 
255 


62 

77 
71 

53 


62 
98 
80 

106 

21 


55 
135 
101 


35 
65 
50 


12 
30 
24 

16 
21 

18 


27 
30 

28 

30 
90 
56 


1  Fiber  included. 

2  Number  of  determinations  in  parentheses. 


CHEMICAL  COMPOSITION  OF  AMERICAN  FOODS 


761 


Food  Materials 


VEGETABLE  FOOD— 
Can. 

Vegetables,  canned 
Potatoes,  sweet,  aa  pur- 
chased: 

Minimum 

Maximum 

Average 

Pumpkins,  as  purchased 

Minimum 

Maximum 

Average 

Squash,  as  purchased: 

Minimum 

Maximum 

Average 

Succotash,  as  purchased 

Minimum 

Maximum 

Average 

Tomatoes,  as  purchased 

Minimum 

Maximum 

Average 


Per 

cent 
Water 


Pickles,  Condiments,  etc. 
Catsup,  tomato,  as  pur- 
chased : 

Minimum 

Maximum 

Average 

Horse-radish,     as     pur- 
chased : 

Minimum 

Maximum 

Average 

Horse-radish,     as     pur- 
chased  

Olives,  green 

Ohves,  ripe 

Peppers  (paprica),  green 
dried,  as  purchased . . . 
Peppers,    red    chili,    as 
purchased: 

Minimum 

Maximum 

Average 


42.0 
55.2 


88.2 
94.3 
91.6 

8.5.6 
89.9 
87.6 

71.4 
79.9 
75.9 

92.5 
97.9 
94.0 


27.7 

87.8 
82.8 


85.4 

87.5 
86.4 

4.3 
58.0 
64.7 

5.0 


3.9 
6.4 
5.3 


Per 

cent 
Pro- 
tein 


1.3 
2.6 
1.9 

.5 
1.2 

.8 

.2 

1.6 

.9 

2.9 
4.4 
3.6 

.3 
1.7 
1.2 


1.1 
2.0 
1.5 


1.2 
1.6 
1.4 

11.0 
1.1 
1.7 

15.5 


8.2 

11.1 

9.4 


Per 

cent 
Fat 


.3 
.5 
.4 

.1 
4 

.2 

.1 

1.2 
.5 

.7 
1.7 
1.0 

.1 
.3 
.2 


.1 
.2 
.2 

.8 
27.6 
25.0 

8.5 


6.3 

10.3 

7.7 


Per 
cent 
C«r- 
bohy' 


292 
53.6 
41.4 

4.7 
9.6 
6.7 

8.2 
13.9 
10.5 

14.9 
22.4 
18.6 

1.4 
8.1 
4.0 


8.5 
16.1 
12.3 


9.6 
11.3 
10.5 

77.7 

11.6 

4.3 

63.0 


67.3 
71.9 
70.0 


Ptor 
cent 
FIbeH 


(1)  .8 

.6 
1.5 

(5)1.1 

.3 
1.1 

(2)  .7 

.7 
1.1 
(10).9 

.4 

.7 

(11).5 


P^ 
oeol 
A«h 


CtiMmCtMm 


\.3 
1.1 

.4 

1.5 

.7 

.2 

.7 
.5 

.4 

1.4 
.9 

.2 

1.2 

.6 


2.5 
3.8 
3.2 


1.5 
1.6 
1.5 

6.2 
1.7 
3.4 

8.0 


7.4 
8.0 
7.6 


FUBL  Vauw 


Pound 


MO 

1.085 

820 

100 
206 
150 

185 
2«5 
235 

375 
540 
455 

80 
135 
105 


185 
355 
205 


210 
245 
230 

1.685 
L400 
1.205 

1.820 


1.770 
1.805 
1,800 


P&F    100 
GfHM 


128 
230 
183 

22 
45 
33 

41 
68 
52 


120 
101 

17 
30 
23 


40 

78 
58 


46 

51 

374 
311 
267 

404 


383 
421 
400 


1  Fiber  included. 

2  Number  of  determinations  in  parenthesea. 


752 


ANALYSIS    OF   AMERICAN    FOODS 


Food  Materials 


VEGETABLE  FOOD— 

Con. 
Pickles,  Condiments,  etc. 
Pickles,     cucumber,     as 
purchased: 

Minimum 

Maximum 

Average 

Pickles,  mixed,  as  pur- 
chased  

Pickles,  spiced,  as  pur- 
chased:  

Fruits,  Berries,  etc.,  fresh 
Apples: 

Minimum 

Maximum 

Average 

Apricots 

Bananas,  yellow: 

Minimum 

Maximum 

Average 

Blackberries,     as     pur- 
chased: 

Minimum 

Maximum 

Average 

Cherries: 

Minimum 

Maximum 

Average 

Cranberries,  aspurchased : 

Minimum 

Maximum 

Average 

Currants,  as  purchased. 
Figs,  fresh,  as  purchased 

Average 

Grapes,  average 

Huckleberries 

Lemons: 

Minimum 

Maximum 

Average 

Lemon  juice 

Muskmelons 

Nectarines 


Per 
cent 
Water 


89.0 
95  5 
92.9 

93.8 

77.1 


77.3 
90.9 
84.6 
85.0 

66.3 
81.6 
75.3 


78.4 
88.9 
86.3 

76.9 
86.1 
80.9 

87.6 
89.5 
88.9 
85.0 

79.1 
77.4 
81.9 

88.4 
90.2 
89.3 


Per 
cent 
Pro- 
tein 


89.5 
82.9 


.4 
.7 
.5 

1.1 

.4 


.1 

.8 

.4 

1.1 

1.0 
1.6 
1.3 


.9 
1.5 
1.3 

.7 
1.1 
1.0 

.4 

.5 

.4 

1.5 

1.5 

1.3 

.6 

.8 
1.1 
1.0 

'.'6 
.6 


Per 

cent 
Fat 


.1 

1.4 

.5 


1.4 
.6 


.5 
2.9 
1.0 

.8 


1.6 
.6 

.1 
1.5 

.7 


Per 

cent 

Car- 

bohy 

drates^ 


1.3 
5.4 
2.7 

4.0 

20.7 


8.8 
21.3 
14.2 
13.4 

16.3 
29.8 
22.0 


7.5 
16.7 
10.9 

11.4 
20.6 
16.7 

9.3 
10.9 

9.9 
12.8 

18.8 
19.2 
16.6 

8.2 
9.0 
8.5 
9.8 
9.3 
15.9 


Per 
cent 
Fiber2 


Per 
cent 
Ash 


Fuel  Value 


Calories 

per 
Pound 


.9 
1.4 

(7)1.2 


(Di.o 


(1)2.5 


(1)  .2 

1.2 
1.7 

(2)1.5 


(1)4.3 


.9 
1.3 

(2)1.1 

2.i 


2.7 
4.6 
3.6 

.7 

1.7 


.2 
.6 
.3 
.5 

.5 
1.1 

.8 


.4 
.9 
.5 

.5 

1.0 

.6 

.2 
.2 
.2 

.7 

.6 
.5 
.3 

.5 
.5 
.5 

.6 
.6 


35 

130 

70 

110 

395 


175 
420 
290 
270 

330 
640 
460 


245 
456 
270 

320 
430 
365 

200 
245 
215 
265 

380 
450 
345 

180 
240 
205 
180 
185 
305 


Calories 
per  100 
Grams 


7 
28 
15 

24 

87 


38 
93 
64 
60 

73 

142 
102 


54 

101 

60 

71 
95 

81 

44 
54 

47 
58 

84 

100 

76 

40 
53 
45 
40 
41 
67 


1  Fiber  included. 

2  Number  of  determinations  in  parentheses. 


CHEMICAL  COMPOSITION  OP  AMERICAN  FOODS      753 


Food  Materials 


VEGETABLE  FOOD— 

Con. 
Fruits,  Berries,  etc.,  fresh 

Oranges: 

Minimum 

Maximum 

Average 

Peaches: 

Minimum 

Maximum 

Average 

Pears: 

Minimum 

Maximum 

Average 

Persimmons 

Pineapple 

Plums,  average 

Pomegranates: 

Minimum 

Maximum 

Average 

Prunes,  average 

Raspberries,  red,  as  pur- 
chased  

Raspberries,  black: 

Minimum 

Maximum 

Average 

Raspberry  juice 

Strawberries: 

Minimum 

Maximum 

Average 

Watermelons: 

Minimum 

Maximum 

Average 

Whortleberries,  as  pur- 
chased  

Fruits,  etc.,  dried 
Apples,  as  purchased: 

Minimum 

Maximum 

Average 


Per 

cent 
Water 


80.0 

88.3 
86.9 

89.3 
89.6 
89.4 

83.9 

84.8 
84.4 
66.1 
89.3 

78.4 

75.4 

78.2 
76.8 
79.6 

85.8 

82.2 
86.4 
84.1 
49.3 

85.4 
94.0 
90.4 

92.0 
92.9 
92.4 

82.4 


8.6 

7.4 

28.1 


Per 
cent 
Pro- 
tein 


.8 

1.1 

.8 

.4 
.9 
.7 

.6 
.6 
.6 
.8 
.4 
1.0 

1.3 

1.6 

1.5 

.9 

1.0 

1.5 

2.1 

1.7 

.5 

.6 
1.2 
1.0 

.3 
.6 
.4 


1.2 
2.5 
1.6 


Per 

cent 
Fat 


1.2 
2.1 
1.6 


1.7 
1.0 


.4 

1.1 

.6 

.1 
.2 
.2 

3.0 


.1 
5.0 
2.2 


Per 

cent 
Car- 
bohy- 
drate* 


11.6 
18.5 
11.6 

9.3 
9.4 
9.4 

14.1 
14.2 
14.1 
31.5 
9.7 
20.1 

18.5 
20.4 
19.5 
18.9 

12.6 

11.7 
13.6 
12.6 
49.9 

4.4 

12.3 
7.4 

6.5 
6.9 
6.7 

13.5 


48.6 
86.9 
66.1 


Per 
cent 
HbeH 


(1)3.6 


(1)2.7 
1.8 
.4 


2.6 

2.8 
2.7 


2.9 


.7 
2.3 

(19)1.4 


3.2 


Per 
cent 
Aah 


1.4 
2.7 
2.0 


TVEL  Vautb 


IC^MmCtMm 
\p&r  100 
Pound 


215 
376 
240 

185 
lft5 
190 

275 
310 
295 
830 
200 
305 

420 
495 
460 
370 

255 

245 
350 
310 
935 

130 
235 
180 

125 
160 
140 

390 


965 
1.630 
1.350 


47 
O 

41 
43 
42 

61 
68 
65 
140 
40 
87 

93 
110 
102 

82 

50 
54 

n 

68 
207 

28 
52 
40 

27 
35 
31 

80 


218 


1  Fiber  included. 

2  Number  of  determinations  in  parentheMS. 
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ANALYSIS    OF   AMERICA:Nr    FOODS 


Food  Matorials 


Per 

cent 
Water 


Per 
cent 
Pro- 
tein 


Per 
cent 
Fat 


Per 
cent 
Car- 
bohy- 
drates' 


Per 

cent 
Fibers 


Per 
cent 
Ash 


Fuel  Value 


Calories 

per 
Pound 


Calories 
per  100 
Grams 


VEGETABLE  FOOD— 
Con. 

Fruits,  etc.,  dried 
Apricots,  as  purchased : 

Minimum 

Maximum 

Average 

Citron,  as  purchased: 

Minimum 

Maximum 

Average 

Currants,  Zante,  as  pur 
chased : 

Minimum 

Maximum 

Average 

Dates: 

Minimum 

Maximum 

Average 

Figs,  as  purchased: 

Minimum 

Maximum , 

Average 

Grapes,  ground,  as  pur- 
chased  

Pears,  as  purchased 

Prunes: 

Minimum 

Maximum 

Average 

Raisins: 

Minimum 

Maximum 

Average 

Raspberries,     as     pur- 
chased  

Fruits,  etc.,  canned 
Jellies,  Preserves,  etc. 

Apples,    crab,    as    pur 
chased 

Applesauce,      as      pur- 
chased   

Apricots,  as  purchased. . 

Apricot  sauce,   as  pur- 
chased.  


26.4 
32.4 
29.4 

12.4 
25.6 
19.0 


35.3 
35.1 
17.2 

9.9 
20.8 
15.4 

11.6 
25.0 

18.8 

34.8 
16.5 

16.9 
27.5 
22.3 

7.1 
21.0 
14.6 

8.1 


42.4 

61.1 
81.4 

45.2 


2.9 
6.4 
4.7 

.4 
.6 
.5 


1.0 
4.7 
2.4 

2.1 
2.2 
2.1 

2.6 
5.7 
4.3 

2.8 
2.8 

1.4 
3.2 
2.1 

2.3 
3.0 
2.6 

7.3 


.3 

.2 

.9 

1.9 


1.0 
1.1 
1.0 


2.5 
1.5 


.4 
4.7 
1.7 

.6 
5.1 

2.8 

7.3 
.3 
.3 


5.4 


.5 
7.2 
3.3 

1.8 


2.4 

.8 

1.3 


62.7 
63.3 
62.5 

72.5 

83.7 
78.1 


60.0 
85.3 
74.2 

70.4 
86.3 

78.4 

68.3 
83.1 
74.2 

60.5 
72.9 

68.1 
78.6 
73.3* 

71.3 

78.8 
76.1 

80.2 


54.4 

37.2 
17.3 

48.8 


3.7 


1.4 
3.4 
2.4 

.8 
.9 
.9 


2.2 
9.1 
4.5 

1.1 
1.5 
1.3 

2.2 
2.5 
2.4 

1.2 
2.4 

1.5 
3.0 
2.3 

2.0 
5.0 
3.4 

2.6 


.5 
.4 

2.8 


1,230 
1,330 
1,290 

1,380 
1,675 
1,525 


1,195 
1,690 
1,495 

1,355 
1,670 
1,615 

1,355 
1,595 
1,475 

1,205 
1,635 

1,340 
1,500 
1,400 

1,540 
1,805 
1,605 

1,705 


1,120 

730 
340 

1,000 


273 

295 
286 

306 
372 
338 


265 
375 
332 

301 
371 
358 

301 
354 
327 

267 
363 

297 
333 
311 

342 
401 
356 

378 


148 

162 
75 

222 


1  Fiber  included. 

2  Number  of  determinations  in  parentheses. 


CHEMICAL  COill'OSITlON  OF  AMKHICAN  FOODS      756 


Food  Materials 


aa     pur- 


VEGETABLE  FOOD— 
Con. 
Fruits,  etc.,  canned 
Jellies,  Preserves,  etc. 
Blackberries,     as     pur- 
chased  

Blueberries, 
chased  : 

Minimum 

Maximum 

Average 

Cherries,  as  purchased 
1st    quality,    as    pur- 
chased  

2nd   quality,   as  pur- 
chased  

Figs,    stewed,    as    pur- 
chased  

Grape    butter,    as   pur- 
chased  

Marmalade  (orange  peel) 

as  purchased 

Peaches,  as  purchased: 

Minimum 

Maximum 

Average 

Pears,  as  purchased: 

Minimum 

Maximum 

Average 

Pineapples,  as  purchased 
Prune    sauce,    as    pur- 
chased. . 
Strawberries,  stewed,  as 

purchased 

Tomato     preserves,     as 

purchased 

Nuts 
Ahnonds: 

Minimum 

Maximum 

Average 

Beechnuts. 

' '  Biotes ' '  (acorns)  (Quer- 

cus  emor}"!) 

Brazil  nuts  (bertholletia 
excelsa) 


Pfer 

cent 
Wat^T 


40.0 


84.9 
86.4 
85.6 
77.2 

21.0 

38.4 

56.5 

36.7 

14.5 

81.4 
93.7 

88.1 

79.0 
83.6 
81.1 
61.8 

76.6 

74.8 
40.9 


2.0 
5.3 

4.8 
4.0 

4.1 

5.3 


Per 

cent 

tein 


,8 

.4 

.8 

.6 

1.1 

1.1 

1.2 

1.2 

1.2 

.6 

.5 
.9 

.7 

.5 
.3 
.4 

.5 

.7 

.7 


16.6 
25.3 
21.0 
21.9 

8.1 

17.0 


Per 

cont 
Fat 


2.1 


4S.9 
60.0 
M.9 
57.4 

37.4 

66.8 


Prr 

cent 

Car- 

bohy- 

dntflfi 


56.4 

12.2 
13.8 
12.8 
21.1 

77.2 

59.8 

40.9 

58.5 

84.5 

5.3 
17.3 
10.8 

15.6 
19.5 
18.0 
36.4 

22.3 

24.0 

57.6 

12.8 
21.4 
17.3 
13.2 

48.0 

7.0 


Per 
ooni 
FUmH 


1.6 
2.5 
2.0 


Per 


CftlorMCalorkM 
per  100 
Onmi 


.7 

.2 
.6 
.4 

.6 

.7 

.6 

1.1 

3.5 

.3 

.3 
.4 
.3 

.2 
.3 
.3 
.7 

.5 

.5 

.7 

1.6 
2.5 
2.0 
3.5 

2.4 

3.0 


PVBL  Vauw 


MM 

200 
280 
275 
415 

1,466 

1,135 

786 

1,116 

1,686 

116 
340 
220 

300 
400 
365 
716 

430 

460 

1,090 

2370 
3,146 
3,030 
3,075 

2,620 

3,266 


266 


67 
O 
61 
«2 


252 

176 

247 

362 

26 
76 

48 

66 
88 

78 
168 

06 

102 

242 

637 
606 
67S 
688 

682 

725 


1  Fiber  included. 

2  Number  of  determinations  in  parentliesea. 
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ANALYSIS    OF   AMEKICAN    FOODS 


Food  Materials 


Per 
cent 
Water 


Per 
cent 
Pro- 
tein 


Per 
cent 
Fat 


Per 

cent 
Car- 
bohy- 
drates' 


Per 
cent 
Fibers 


Per 
cent 
Ash 


Fuel  Value 


Calories 

per 
Pound 


Calories 
per  100 
Grams 


VEGETABLE  FOOD 
Con. 

Nuts 

Butternuts  (juglans  cin- 

era) 

Chestnuts,  fresh: 

Minimum 

Maximum 

Average 

Chestnuts,  dried: 

Minimum 

Maximum 

Average 

Cocoanuts,  as  purchased 
Cocoanut  without  milk, 

as  purchased 

Cocoanut  milk,  as  pur- 
chased  

Cocoanut,   prepared,   as 
purchased: 

Minimum 

Maximum 

Average 

Filberts 

Hickory  nuts 

Lichi  nuts 

Peanuts: 

Minimum 

Maximum 

Average 

Peanut  butter,  as  pur- 
chased  

Pecans  polished 

Pecans,  unpohshed 

P*ine  nuts: 

Pignolias 

Piniones  (Pinus  mono- 

phylla) 

Pinon  (Pinus  edulis) . . 

Sabine  pine  nut  (Pinus 

sabiniana) 

Pistachios: 

1st  quality,  shelled . 

2d  quality,  shelled. 
Walnuts,  California 


4.4 

29.2 
53.8 
45.0 

4.8 
6.6 
5.9 

7.2 

8.9 
92.7 


2.8 
4.3 
3.5 
3.7 
3.7 
17.9 

4.9 

13.2 

9.2 

2.1 
3.0 
2.7 

6.4 

3.§ 
3.4 

5.1 


4.2 
4.3 
2.5 


27.9 

4.1 

8.0 
6.2 

8.2 
13.5 
10.7 

2.9 

3.6 
.4 


6.0 
6.5 
6.3 
15.6 
15.4 
2.9 

19.5 
29.1 

25.8 

29.3 

11.0 

9.6 

33.9 

6.5 
14.6 

28.1 


22.3 

22.8 
18.4 


61.2 

2.0 

10.8 

5.4 

3.9 
15.3 

7.0 
25.9 

31.7 

1.5 


51.0 
63.7 
57.4 
65.3 
67.4 
.2 

32.3 

48.8 
38.6 

46.5 
71.2 
70.5 

49.4 

60.7 
61.9 

53.7 


54.0 
54.9 
64.4 


3.5 

36.9 
54.0 
42.1 

65.7 
80.3 
74.2 
14.3 

17.5 

4.6 


24.1 
39.0 
31.5 
13.0 
11.4 
77.5 

15.3 
40.4 
24^4 

17.1 
13.3 
15.3 

6.9 

26.2 
17.3 

8.4 


16.3 
14.9 
13.0 


1.4 
2.5 

1.8 

2.4 
3.0 
2.7 


2.0 
3.0 
2.5 


1.4 


2.9 

.7 
1.8 
1.3 

1.5 

2.9 

2.2 

.9 

1.0 

.8 


1.2 
1.4 
1.3 
2.4 
2.1 
1.5 

1.9 
2.4 
2.0 

5.0 
1.5 
1.9 

3.4 

2.8 
2.8 

4.7 


3.2 
3.0 
1.7 


3,165 

895 
1,480 
1,125 


1,815 
2,085 
1,875 


1,730 
155 


2,990 
3,260 
3,125 
3,290 
3,345 
1,505 

2,415 

2,885 
2,560 

2,825 
3,455 
3,435 

2,845 

3,170 
3,205 

2,945 


2,995 
3,020 
3,300 


703 

198 
328 
250 

403 
463 
416 
314 

384 

34 


664 
724 
694 
731 
743 
334 

536 
640 
568 

627 
767 
763 

632 

704 

712 

654 


»  Fiber  included. 

2  Number  of  determinations  in  parentheses. 
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Food  Materials 


Per 
cent 
Water 


VEGETABLE  FOOD- 
Con. 

NtU8 

Walnuts,  California, 
black : 

Minimum 

Maximum 

Average 

.  As  purchased.  .  . . 
Walnuts,  California,  soft 
shell: 

Minimum 

Maximum 

Average 

"Malted  nute,"  as  pur 
chased 


Miscellaneous 

Chocolate,  as  purchased 

Minimum 

Maximum 

Average 

Cocoa,  as  purchased: 

Minimum 

Maximum 

Average 

Cereal  coffee  infusion  (91 
parts    boiled     in     20 

parts  water) 

Yeast,    compressed,    as 
purchased 


2.5 

2.5 

2.5 

.6 


2.5 
2.5 
2.5 

2.6 


1.5 

10.3 

5.9 

3.2 
5.4 
4.6 


98.2 
65.1 


Per 
cent 
Pm- 
Vein 


24.9 

30.3 

27.6 

7.2 


14.3 
20.4 
16.6 

23.7 


12.5 
13.4 
12.9 

20.6 
22.7 
21.6 


.2 
11.7 


Per 

rent 
Fat 


P^ 

cent  • 

bohy. 
dmUt* 


54.7 

57.8 
56.3 
14.6 


60.0 
67.0 
63.4 

27.6 


47.1 
50.2 

48.7 

27.1 
31.5 
28.9 


7.4 
16.1 
11.7 

3.0 


14.5 
19.1 
16.1 

43.9 


26.8 
33.8 
30.3 

35.3 
40.6 
37.7 


1.4 
21.0 


Per 
eeni 
FlbrH 


1.6 
1.8 
1.7 


1.4 
3.2 
2.6 


Per 


ICaloriMCAlorioi 
per  100 
Oi 


1.8 
2.0 
1.9 


1.2 
1.6 
1.4 

22 


1.1 
3.3 
2Ji 

5.4 
8.9 
7.2 


1.8 


VtJML  VAum 


3.070 

3.140 

2.105 

806 


3.195 
3.370 
3.285 

2,240 


2.720 
2.905 
2.860 

2.235 
2.370 
2.320 


30 
625 


1  Fiber  included. 

2  Number  of  determinations  in  parentheee*. 
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Food  Materials 


Per  cent 
Water 


Per  cent 
Protein 


Per  cent 
Fat 


Per  cent 
Carbo- 
hydrates 


Per  cent 
Ash 


Fuel  Value 


Calories 

per 
Pound 


Calories 
per  100 
Grams 


ANIMAL  AND 

VEGETABLE 

(Unclassified  Food 

Materials) 

Soups,  homemade 
Beef  soup,  as  purchased: 

Minimum 

Maximum 

Average 

Bean  soup,  as  purchased. 
Chicken    soup,    as    pur- 
chased  

Clam    chowder,    as    pur- 
chased: 

Minimum 

Maximum 

Average 

Meat  stew,  as  purchased: 

Minimum 

Maximum 

Average 

Soups,  canned 
Asparagus,   cream    of,   as 

purchased 

Bouillon,  as  purchased: 

Minimum 

Maximum 

Average 

Celery,  cream  of,  as  pur- 
chased  

Chicken  gumbo,  as  pur- 
chased: 

Minimum 

Maximum 

Average 

Chicken    soup,    as    pur- 
chased: 

Minimum 

Maximum 

Average 

Consomm^,  as  purchased. 
Cream,   com  of,   as  pur- 
chased  

Julienne,  as  purchased..  . 
Mock     turtle,     as     pur- 
chased: 

Minimum 

Maximum 

Average 


92.3 
93.5 
92.9 
84.3 

84.3 


81.6 
95.7 

88.7 

82.6 
87.6 
84.5 


87.4 

96.5 
96.7 
96.6 

88.6 


86.8 
91.7 
89.2 


93.2 
94.5 
93.8 
96.0 

86.8 
95.9 


88.9 
90.8 

89.8 


2.7 
6.2 
4.4 
3.2 

10.5 


.7 
2.9 
1.8 

3.7 
5.6 
4.6 


2.5 

1.7 
2.6 
2.2 

2.1 


3.0 
4.6 

3.8 


3.2 
3.9 
3.6 
2.5 

2.5 
2.7 


4.5 
5.9 
5.2 


.3 

.5 

.4 

1.4 

.8 


.5 
1.1 


2.0 
6.4 
4.3 


3.2 


.2 
.1 

2.8 


.2 

1.7 

.9 


1.9 


.5 

1.3 

.9 


2.2 
1.1 
9.4 

2.4 


2.5 

11.0 

6.7 

4.3 
7.9 
7.5 


5.5 

.1 
.3 
.2 

5.0 


3.8 
5.5 
4.7 


1.2 

1.7 

1.5 

.4 

7.8 
.5 


1.6 
3.9 

2.8 


1.1 
1.2 
1.2 
1.7 

2.0 


.6 
3.4 
2.0 

1.0 
1.3 
1.1 


1.4 

.4 

1.4 

.9 

1.5 


1.3 
1.4 
1.4 


.9 
1.2 
1.0 
1.1 

1.0 
.9 


1.2 
1.4 
1.3 


110 
130 
120 
295 

275 


80 
305 
195 

255 
445 
370 


285 

40 
50 
50 

250 


135 
260 
195 


90 
105 
100 

55 

270 
60 


160 
210 
185 


24 

28 
26 
65 

61 


17 
67 
43 

56 

98 
82 


63 

8 
10 
10 

55 


30 
57 
43 


20 
23 
22 
12 

60 
13 


35 
46 
41 
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Food  Materials 


ANIMAL  AND 

VF.GETAHLE— Tow. 

(Uiichussifiocl  Food 

Materials) 

Soups,  catmed 


as     pur- 


as 


Mulligatawny 
chjised 

Minimum. . 

Maxinmm 

Average 

Oxtail: 

Minimum 

Maximum 

Average 

Pea  soup,  as  purchased 

Minimum 

Maximum 

Average 

Pea,  cream  of  green, 

purchased 

Tomato    soup,     as    pur 
chased: 

Minimum 

Maximum 

Average 

Turtle,     green,     as    pur- 
chased. 
Vegetable,  as  purchased. 

Miscellaneous 
Hash,  as  purchased .... 
^'Infants'     and     invalids' 
foods,"  as  purchased . . 

Minimum 

Maximum 

Average 

Mincemeat,     commercial, 
as  purchased: 

Minimum 

Maximum 

Average 

Mincemeat,  homemade,  as 
purchased: 

Minimum 

Maximum 

Average 

Salad,  ham,  as  purchased. 
Sandwich,    eggs,    as   pur- 
chased  

Sandwich,  chicken,  as  pur- 
chased  


Per  cent 
WaU'f 


87.2 
91.3 
89.3 

88.3 
89.4 
88.8 

81.6 
91.7 
86.9 

87.7 


89.7 
90.4 
90.0 

86.6 
95.7 

80.3 


2.4 

12.3 

6.0 


20.8 
39.7 
27.7 


49.6 
56.9 
54.4 
69.4 

41.4 

48.5 


Per  crnt 
Protein 


3.3 
4.1 
3.7 

3.9 
4.1 
4.0 

1.5 

5.8 
3.6 

2.6 


1.7 
1.9 
1.8 

6.1 
2.9 

6.0 


2.0 
22.5 
12.7 


1.4 

14.6 

6.7 


3.4 

6.3 

4.8 

15.4 

9.6 

12.3 


Peroent 
Fftt 


.3 
.1 

.5 
2.1 
1.3 


1.6 
.7 

2.7 


.9 
1.2 
1.1 

1.9 


1.9 


.3 

10.9 

3.3 


.8 
2.2 
1.4 


4.9 
8.1 
6.7 
7.6 


pGToeiit 
Ctorbo- 


12.7       34.5 


3.8 
7.6 
5.7 

4.2 
4.3 
4.3 

5.1 
I  I 

7.6 
5.7 


5.3 
6.0 
5.6 

3.9 
.5 

9.4 


66.9 
89.4 
76.2 


56.7 
67.4 
60.2 


28.6 

34.1 

32.1 

5.6 


FlWL  Valdb 


IVMitCilorkiCdoriM 
AA        wr     par  100 
Ptoviid  rOruM 


5.4 


32.1 


LI 
1.3 
1.2 

1.9 
1.6 

.7 
1.5 
1.2 

1.3 


1.2 
1.7 
1.5 

1.5 
.9 

2.4 


.3 
4.5 
1.8 


1.1 
7.1 
4.0 


1.0 
2.5 
2.0 
2.0 

1.8 

1.7 


146 
215 
180 

176 
246 
210 

220 
316 
236 

270 


180 
186 
186 

265 
65 

365 


L616 
1.986 
1,706 


L126 
L420 
1,306 


900 

LOOO 

970 

710 

1,366 

1.066 


32 
47 
40 


64 

46 

48 
70 
62 


40 
41 
41 

68 
14 

81 


368 
441 


250 
316 
290 


200 
240 
216 
167 

301 

2M 
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CHAPTER   XX 

UNUSUAL  ANIMALS,  BIRDS,  RKPTILES    VTr .  SOMETIUES 

USED   FOR   FOOD 


Mammals:  Armadillo;  Am;  Boar;  IWnvor;  nufTalo;  Oitt  Omd;  DOft 
Elephant;  Horse;  Mule;  IIii>po|M>Umu»;  VMrih  ling;  Zti»ra;  Kai^- 
roo;  Lion;  Lynx;  Llama;  Monkey;  Miov;  OpfjMttm;  Mttdc  0%; 
Porcupine;    Reindeer;    RhinooeroH;    RaU;   Squirrrl;    Whale;    Walrw. 

Insects:    Ants;    Caterpillars;   (iraHHhopporH;   I..0CU11U;   Mothft. 

Fowl:    Ostrich;    Peafowl;    Pelican:    Parrots;   Cuckoo;    Pef^pi^a;   SwwMt 

Fish:    Eels;   Sharks;   Shell  Fish— Snailn. 

Reptiles:  Crocodiles;  Frogs;  Snakes;  Toads;  TurtiM;  Tortolan;  VIm- 
yard  Snails. 


The  information  here  presented  has  been  collected  principally  from 
the  writings  of  Dr.  Pavy(G4)  and  from  various  sources  und  worku  on 
travel.  This  compilation,  alphabetically  arranged,  shows  that  almoitt  an 
endless  variety  of  animals  have  been  used  as  food  in  variooa  parta  of 
the  world,  and  supplies  in  concise  form  what  is  kno>m  regarding  their 
edible  qualities.  In  many  instances,  even  today,  their  oonanmption 
occurs  upon  such  an  extensive  scale  as  to  justify  their  mention  from  an 
alimentary  point  of  view.  In  many  others,  however,  their  mention  ia 
recorded  as  a  curiosity  in  dietetics.  The  statements  here  recorded  are 
authenticated  by  reference  to  original  sources  found  in  the  referenee 
bibliography  at  the  end  of  the  chapter. 

Agoutis. — The  agoutis,  found  in  the  West  Indies,  Guiana  and  Brazil^ 
at  the  first  settling  in  the  West  India  Islands,  were  exceedingly  numenms 
and  constituted  a  great  part  of  the  food  of  the  Indiana.  The  fleah  ia 
white  and  tender,  and,  when  well  cooked,  is  much  esteenjed  hy  the  natirea. 

Albatross. — The  albatross  is  eaten  by  the  aborigines  of  Xow  Zm- 
land(9).     Its  eggs  are  considered  excellent (4). 

Armadillo. — The  armadillo  is  eaten  in  South  America,  and  ita  fleah  ia 
fat  and  excellent(5).     The  hunters  roaat  it  in  ito  aheU(4). 
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Amblyrhynchus. — Amblyrhynchus,  a  genus  of  lizard  resembling  the 
iguana  found  in  the  Galapagos  Islands,  is  esteemed  by  the  natives  as  a 
delicate  kind  of  food (4). 

Axolotl — The  axolotl  of  Mexico  is  esteemed  an  agreeable  article  of 
food,  dressed  like  stewed  eels (4). 

Ants. — White  ants  are  eaten  by  the  natives  of  Australia(12)  and  by 
tliose  on  the  banks  of  the  Zonga,  where  they  are  highly  appreciated (34). 
The  larvje  of  ants  are  eaten  by  the  Bushmen (8).  Scopoli  speaks  of  the 
larvw  of  the  musca  putris  as  a  dainty  (48).  Aelian  mentions  the  cir- 
ounistance  of  an  Indian  king  treating  some  of  his  Grecian  guests (2)  to 
the  larvie  of  insects (48).  The  larvae  of  the  Cerambyx  heros  is  believed 
to  be  the  cossus  of  the  ancients,  by  whom  it  was  considered  a  dainty  (4). 

Bear. — The  bear  supplies  food  to  several  nations  of  Europe,  and  its 
hams  are  considered  excellent (5).  The  flesh  of  the  brown  or  black  bear, 
which  is  eaten  by  the  common  people  of  Norway,  Russia  and  Poland,  is 
difficult  to  digest  and  is  generally  salted  and  dried  before  it  is  used  (60). 
Two  bears  were  eaten  in  Paris  during  the  siege (10),  and  the  flesh  was 
supposed  to  taste  like  pig(14).  The  Indian  tribes  of  the  interior  of 
Oregon  eat  bears(15).  The  Polar  bear  is  stated  by  Sir  John  Ross  to 
be  particularly  unwholesome,  although  the  Esquimaux  feed  upon  it  with- 
out any  apparent  inconvenience (5). 

Bandicoot — The  bandicoot  is  eaten  by  the  aborigines  of  Australia (16) 
and  by  the  lowest  caste  of  IIindoos(4). 

Beaver — The  flesh  of  the  beaver  is  much  prized  by  the  Indians  and 
Canadian  traders,  especially  when  it  is  roasted  in  the  skin  after  the  hair 
has  been  singed  off (4).  It  is  also  used  in  South  America,  and  is  said 
to  be  an  excellent  food  (60). 

Bison — The  flesh  of  the  bison,  or  European  aurochs,  was  once  the 
support  of  many  Indian  tribes;  it  nearly  resembles  ox  beef,  but  is  said 
to  be  of  finer  flavor  and  easier  to  digest.  The  hump  is  baked  and  eaten 
as  a  great  delicacy (5). 

Biiffalo — In  the  remote  past  the  flesh  of  the  buffalo,  or  bison  of  North 
America,  was  eaten  by  the  North  American  Indians  (24),  the  Suma- 
trans(25),  and  the  islanders  of  Savu(9).  Catlin  calculates  that  about 
250,000  North  American  Indians  subsisted  almost  exclusively  on  this 
anima]  throughout  every  part  of  the  year(26).  The  beef  is  tough,  dark 
colored  and  occasionally  of  a  musky  flavor.  The  chine  is  considered  good 
and  is  eaten  to  some  extent (5). 

Bustard.— The  bustard  is  a  good  food  and  much  esteemed  in  some 
p1ace9(4). 
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Birds'  Nests — Birds'  nesta  of  a  8iH«cial  kind  aro  an  article  of  food 
much  prized  in  China  on  account  of  the  nutritive  properttca  which  tliay 
are  supposed  to  possess.  They  are  of  u  |(clatinou8  nature  and  efaiaflj  oaed 
for  making  soup.  They  are  furnislied  by  several  npccica  of  swallow  and 
are  found  in  the  caverns  on  the  seashore  of  the  Eastern  Artihipelagou 
It  has  been  ascertained  that  they  oouHiHt  in  great  part  of  a  peculiar  rumos 
which  this  bird  secretes  and  disgor^vH  from  its  mouth  in  great  abun- 
dance. The  nests  adhere  to  tlic  rock  and  are  collected  after  the  joung 
are  fledged,  with  the  help  of  bidders  or  ropea.  The  oleanalng  of  the  neill 
for  the  markets  is  a  long  and  tediouH  process  and  a  number  of  persona 
are  employed  at  Canton  in  conducting  the  operation (37).  The  prepared 
article,  which  has  the  appearance  of  dried  gelatinous-looking  fragments, 
may  be  purchased  in  some  of  the  I^ndon  shops. 

Blaps — The  blaps  sulcata  is  eaten,  cooked  with  butter,  by  the  Egyp- 
tian women (4).  They  also  eat  the  Scaraboms  sacer  to  make  themselTes 
become  prolific (48).  The  women  of  Arabia  and  Turkey  eat  a 
of  tenebrio  fried  in  butter  to  make  themselves  plump(38). 

Bees. — Bees  are  eaten  by  various  peoples (48).  The  Moors  in 
Barbary  consider  the  honeycomb,  with  young  bees  in  it,  delicious.  One 
writer,  however,  thought  it  insipid  and  that  it  sometimes  produced  heart- 
burn (39). 

Cats. — Cats  are  eaten  by  the  Chinese (9),  and  in  the  island  of  Sam 
are  preferred  to  sheep  and  goats(9).  Five  thousand  cats  are  said  to 
have  been  eaten  in  Paris  during  the  siege(lO).  According  to  the  aame 
authority,  the  cat  is  good  food.  A  young  one,  well  cooked,  is  better 
than  hare  or  rabbit.  It  tastes  something  like  the  American  gray  squirrel, 
but  is  even  tenderer  and  sweeter (10). 

Cavia — Several  species  of  cavia,  especially  the  guinea  pig,  the  spotted 
cavy,  the  long-nosed  cavy  and  the  rock  cavy,  were  once  used  as  fnnd  in 
Great  Britain,  Brazil  and  other  parts  of  South  America(60). 

Camel — Camel  is  eaten  with  relish  in  Africa,  and  its  milk  is  believed 
to  neutralize  the  injurious  qualities  of  the  date(6).  The  flesh  is  alleged 
to  produce  serious  derangement  of  the  stomach  among  the  Arab8(27). 
A  camel  eaten  during  the  siege  of  Paris  is  said  to  have  tasted  like 
veal  (14).  CameVs  hump,  which  is  spoken  of  as  furnishing  the  deaert 
with  a  savory  dish,  may  be  procured  in  a  preserved  state  at  some  of  the 
dried  provision  establishments  at  the  west  end  of  T^ondon. 

Collard  Pecari. — The  collard  pecari,  or  tajacti  (Diootyles  torqustus), 
an  inhabitant  of  South  America,  is  considered  a  good  food,  and  its  flesh 
greatly  resembles  pork.     Dicotyles  labiatus  is  also  hunted  by  the  nstivea 
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of  South  America  for  food(4).  The  aborigines  of  the  Amazon,  however, 
who  eat  Dicotyles  torquatus  wiU  not  touch  Dicotyles  labiatus(2). 

Cuckoo The  cuckoo  is  not  an  uncommon  dish  on  the  Continent,  and 

the  Arabs  consider  it  a  great  delicacy(5). 

Crane. The  crane  was  eaten  by  the  Komans.     It  is  mentioned  in 

England  as  being  served  as  a  sumptuous  dish  at  splendid  entertain- 
ments as  early  as  the  Norman  Conquest  and  as  late  as  the  reign  of  Henry 
VIII.  At  the  Enthronization  Feast  of  George  Nevil,  Archbishop  of 
York,  as  Edward  IV,  there  were  served  204  cranes,  204  bitterns  and  400 
heron8haw8(4). 

Cormorant. — The  Manx,  like  the  Scotch,  make  a  rich  soup  out  of  this 

bird  (42). 

Crocodile.— The  crocodile  is  eaten  and  relished  by  the  natives  of  parts 
of  Africa (5)  and  Australia (3).  Dr.  Livingstone  writes:  "To  us  the 
idea  of  tasting  the  musky-scented,  fishy-looking  flesh  carried  the  idea  of 
cannibalism" (34).  The  eggs  are  dug  out  of  the  ground  and  devoured 
by  the  natives.  Dr.  Livingstone  says  of  them:  "In  taste  they  resemble 
hens'  eggs,  with  perhaps  a  smack  of  custard,  and  would  be  as  highly 
relished  by  whites  as  by  blacks  were  it  not  for  their  unsavory  origin  in 
men-eaters"  (34). 

Cannibalism. — There  is  reason  to  believe  that  the  practice  of  eating 
human  flesh  has  not  at  all  times  been  confined  to  the  lowest  savages,  but 
it  is  difiicult  to  obtain  much  satisfactory  information  respecting  it. 

There  is  little  doubt  that  our  ancestors,  the  ancient  inhabitants  of 
Britain,  were  guilty  of  eating  human  flesh.  St.  Jerome  specially  charges 
the  Attacotti,  a  people  of  ancient  Scotland,  with  preferring  the  shepherd 
to  his  flock(51). 

Anthuopophaoy  Cannibalism  in  the  New  World. — ^During  the 
winter  of  1600  and  1610  famine  with  its  horrors  came  to  the  Jamestown 
Colony  in  Virginia,  and  transformed  the  civilized  Englishmen  into  can- 
nibals. According  to  Lossing(63)  they  subsisted  on  Indians,  whom  they 
slew  and  ate.  Sometimes  they  even  ate  their  own  companions  who  had 
perished  from  hunger. 

In  the  present  day  the  Polynesian  Islands  are  the  chief  home  of  such 
cannibalism  as  still  exists  in  the  world.  The  Tannese  say  to  anyone 
condemning  their  anthropophagous  habits,  "Pig's  flesh  is  very  good  for 
you,  but  this  is  the  thing  for  us."  They  distribute  human  flesh  in  little 
bits  far  and  near  among  their  friends  as  delicate  morsels.  Cannibal 
connoisseurs,  it  is  asserted,  prefer  a  black  man  to  a  white  one,  as  the 
latter  tastes  8alty(35). 
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Cicada— The  cicada,  an  insect  of  the  honioptcroiw  group,  was  OAteii 
by  the  (;reeks(4).     Pinto  mentions  a  people  who  UHcd  iVicn  mi  an  articlo 

of  food  (48). 

Caterpillars.— These  insects  were  eaten  by  the  ancient  l<om«tii,  and 
are  m  lii«>h  estimation  amon^r  tlie  natives  of  South  Africji(48)  (40). 

Cuttlefish._Tho  cuttlefish  is  used  as  a  f<HKl  in  iome  p«rU  of 
Eur()pe(4).  A  bivalve  allied  to  the  oyster,  caHed  Anomia  ephippium, 
which  is  found  on  the  coasts  of  tlie  Aledi terra nean  is  wjUMidrn-.!  not 
inferior  to  the  common  oyster(37). 

Dogs — Dogs  are  eaten  by  the  Chine8e(  1,  4,  II),  the  New  ZoiUnd- 
ers(ll),  the  South  Sea  l8landor8(9),  some  African  trib«i(9)  and  by 
certain  hill  tribes  in  the  Philippines.  One  thousand  and  two  hundred 
dogs,  it  is  stated,  were  eaten  in  Paris  during  the  8iege(10)  and  the 
flesh  brought  from  two  to  three  francs  per  pound(38).  Wild  dfipi  nro 
eaten  by  the  natives  of  Australia (12).  In  New  Zealand(ll)  and  ibo 
South  Sea  Islands(9)  the  dogs  are  specially  fed  and  fattened,  and  Euro- 
pean dogs  are  considered  unpalatable(ll).  Captain  Cook  lookwl  upon 
a  South  Sea  dog  as  little  inferior  to  an  English  lamb(9).  Fattened 
dogs'  flesh  is  a  favorite  food  of  the  Warori,  an  African  tribe(13). 

Dugong — The  Indian  dugong  is  considered  good  food (4). 

Elk — The  elk  is  eaten  in  Norway,  Lapland  and  Sweden,  wln-n'  ix» 
flesh  is  much  esteemed (60).  The  young  are  said  to  be  particularly 
delicious (4).     The  tongue  and  nose  are  considered  great  delicacie«(4). 

Elephant — The  elephant  is  eaten  in  Abyssinia  and  other  part*  of 
Africa,  also  in  Sumatra (5).  Some  steaks  that  were  cut  off  Cluinee,  the 
elephant  that  was  shot  at  Exeter  Exchange,  on  being  cooked  were  declared 
to  be  "pleasant  meat" (5).  The  three  elephants  that  were  eaten  in  Paria 
during  the  siege  were  pronounced  a  great  success.  The  liver  was  con- 
sidered finer  than  that  of  any  goose  or  duck(14).  Dr.  Livingstone 
writes :  "We  had  the  foot  cooked  for  breakfast  the  next  morning,  and 
found  it  delicious.  It  is  a  whitish  mass,  sliglitly  gelatinous  and  aweet, 
like  marrow.  A  long  march,  to  prevent  biliousness,  is  a  wise  precaution 
after  a  meal  of  elephant's  foot.  Elephant's  trunk  and  tongue  are  alao 
good,  and  after  a  long  simmering  much  resemble  the. hump  of  a  buffalo 
and  the  tongue  of  an  ox;  but  all  the  other  meat  is  tough,  and  from  ita 
peculiar  flavor  only  to  be  eaten  by  a  hungry  man"(.*U). 

Earth  Eating — Earth  eating  may  be  appropriately  referred  to  here, 
as  some  earth  used  as  food  in  certain  localities  has  lieen  found  to  con- 
sist, in  part,  of  the  remains  of  minute  animal  organisms.  Humboldt, 
on  his  return  from  the  Kio  Negro,  saw  a  tribe  of  Ottomacs  who  lived 
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principally  during  the  rainy  season  upon  a  fat  unctuous  clay  which 
they  found  in  their  district(54).  This  appears  to  have  consisted  of  a 
red,  earthy  matter  (hydrous  silicate  of  alumina),  called  "bole.''  It  is 
also  eaten  by  the  Japanese  after  being  made  into  thin  cakes,  called 
"tanaampo,"  which  are  often  oflFered  for  sale.  These  cakes  are  bought 
and  eaten  by  the  women  to  give  them  slenderness  of  form (4).  Ehren- 
berg  found  that  this  earth  consisted  for  the  most  part  of  the  remains  of 
microscopic  animals  and  plants  which  had  been  deposited  from  fresh 
water.  A  kind  of  earth  known  as  bread  meal,  which  consists  for  the 
most  part  of  the  empty  shells  of  minute  infusorial  animalcules,  is  still 
largely  eaten  by  the  lower  classes  in  Northern  Europe;  and  a  similar 
substance,  called  mountain  meal,  has  been  used  in  Northern  Germany 
in  times  of  famine  as  a  means  of  staying  hunger.  The  Wanyamwezi,  a 
tribe  living  in  Central  Africa,  eat  clay  in  the  intervals  between  meals. 
They  prefer  the  clay  of  ant-hills. 

The  colored  inhabitants  of  Sierra  Leone  also  devour  the  red  earth 
of  which  the  ant-hills  are  composed  (55).  Johnston  asserts  that  the 
African  earth  did  not  injure  the  negroes,  but  that  when  they  were  car- 
ried as  slaves  to  the  West  India  Islands  they  were  found  to  suffer  in 
their  health  from  the  clay  they  there  used  as  a  substitute (56).  It  has 
been  found  that  much  of  the  clay  eaten  by  many  of  the  inhabitants  of 
the  torrid  zone  is  mere  dirt  and  has  no  alimentary  value.  The  Agmara 
Indians  eat  a  whitish  clay,  which  is  rather  gritty,  and  has  been  shown 
by  careful  analysis  to  be  destitute  of  any  organic  matter  which  might 
afford  nutriment  (14).  One  of  the  earliest  notices  of  the  practice  of  dirt" 
eating  is  given  by  Sir  Samuel  Argoll,  with  respect  to  Virginia,  in  1613. 
"In  this  joumie,"  he  says,  "I  likewise  found  a  myne,  of  which  I  have 
sent  a  triall  into  England ;  and  likewise  a  strange  kind  of  earth  the  virtue 
whereof  I  know  not,  but  the  Indians  eate  it  for  Physicke,  alleging  that 
it  cureth  the  sicknesse  and  paine  of  the  belly"  (57).  In  Guinea  the 
negroes  eat  a  yellowish  earth  called  cavuac.  In  the  West  Indies  a  white 
clay  like  tobacco  pipe  clay  is  eaten,  and  this  the  eaters  prefer  to  spirits 
or  tobacco(58).  In  1751  a  species  of  red  earth  or  yellow  tufa  is 
reported  to  have  been  still  secretly  sold  in  the  markets  of  Martinique  (56). 

Earth  Hog — The  earth  hog  (Orycteropus  Capensis)  is  a  native  of  the 
Cape  of  Good  Hope.  Although  its  food  (ants)  gives  its  flesh  a  strong 
Uate  of  formic  acid,  it  is  relished  both  by  the  Hottentots  and  Europeans. 
The  hind  quarter  is  especially  esteemed  when  cured  as  ham (4). 

Frogi.— -Frogs  are  eaten  by  the  Chinese(9),  the  natives  of  Aus- 
tralia(12)   and  many  other  countries.     The  Eana  esculenta  is  highly 
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prized  in  France  for  its  hind  legs,  which  are  Uie  part  Mteo.  Thmb  maj 
be  seen  sometimes  skewered  together  in  Uie  windows  of  toaie  of  tba  pio- 
vision  establishmentH  of  Paris.  Att,.nipU  have  been  made  at  different 
times  to  acclimatize  the  Kana  e.H<-iilcnU  in  Knjcland.  Thia  met  with 
some  success  in  Cambridgeshire,  where  it  ia  said  their  very  remarkable  and 
sonorous  croak  lias  pnx'urcd  for  thcin  the  title  of  the  "Cambridgnbira 
nightingales" (01).  The  Kana  taiirina,  or  bull-frog,  ia  a  natire  of  North 
America  and  is  higlily  prized  and  thought  by  the  Americana  to  rival 
turtle(39).  This  large  edible  frog  baa  long  aince  been  iulroduoed  into 
France  by  the  ScK'it'tc  d\\cclimatisatinn(37).  A  large  frog,  called  "Mat- 
lametlo/'  which  when  cooked  looks  and  taste**  lil**  "hicken,  ia  eaten  by  tbe 
South  Americans  (40). 

Grasshoppers — Grasshoppers  are  eaten  by  the  Buahmen(3). 

Gull — The  flesh  of  the  gull  eaten  before  it  can  fly  ia  excellent 
Later  it  becomes  fishy.  It  is  often  brought  to  market  in  Itonian  Cathulio 
countries  during  Lent (4).  The  eggs  of  the  Xema  ridibunda  are  well 
flavored  and  the  young  birds  were  at  one  time  in  high  repute  in  England 
at  the  tables  of  the  wealthy (4). 

Grubs — Grubs  of  all  kinds  are  eaten  by  the  natives  of  Aiiatralia(lS, 
16),  and  the  chrysalis  of  the  silkworm  is  eaten  by  the  Chine8e(48). 

Hedgehog — The  hedgehog  is  considered  a  princely  dish  in  Barbery, 
and  is  eaten  in  Spain  and  Germany (5,  60).  It  is  frequently  eaten  by  tbe 
sick  among  the  African  Arabs,  in  the  belief  that  its  flesh  is  medicinal(7). 

Hippophagfy. — Horse  flesh  is  eaten  largely  by  varioua  nationa.  The 
Indian  horsemen  of  the  Pampas  live  entirely  on  tbe  fleah  of  tbeir 
mares  and  eat  neither  bread,  fruit  nor  vegetables (31).  Horae  fleah 
is  eaten  by  the  Jakuts  of  Northern  Siberia  (28),  the  Tartars  and  native* 
of  South  America (5)  and  by  the  Islanders  of  Sa\'u(9).  Mr.  Bick- 
nell,  in  his  paper  on  ''The  Horse  as  Food  for  Man"(39),  mentions 
fifteen  European  states,  besides  France,  where  horse  flesh  is  eaten.  Tbe 
Icelanders  have  practiced  hippophagy  since  the  eighth  century.  Tbe 
Russians  have  always  eaten  horses,  and  in  Denmark  the  people  returned 
to  the  custom  of  their  forefathers  in  1807.  Wurtemburg  was  tbe  firrt 
of  the  German  states  to  adopt  the  practice  and  commenced  it  in  1841. 
Bavaria,  Baden,  Hanover,  Bohemia,  Saxony,  Austria  and  Prussia  fol- 
lowed in  subsequent  years.  A  Berlin  newspaper  in  1863  reporta  that 
there  are  at  the  present  time  "8e\'en  markets  for  borae  fleab  in  tbat  citr, 
in  which,  during  the  first  ten  months  of  1862,  there  were  aeren  bimdred 
and  fiftv  horses  slaughtered.  No  horse  is  allowed  to  be  alangbtered  and 
sold  without  the  certificate  of  a  veterinary  surgeon*'(32).     Tbe  Health 
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Department  of  Xew  York  City  has  recently  (1916)  allowed  the  sale  of 
horse  llesh  in  the  city  markets. 

According  to  Pliny,  the  Komans  at  one  time  ate  the  ass.  The  wild 
ass  is  still  in  much  esteem  among  the  Persians,  who  consider  it  as  equal 
to  veni8on(5).  One  thousand  donkeys  and  two  thousand  mules  are 
reported  to  have  been  eaten  in  Paris  during  the  siege(lO).  The  flesh 
of  the  latter  is  delicious  and  far  superior  to  beef.  Koast  mule  is,  in  fact, 
an  exquisite  dish(:32).  Ass's  flesh  forms  the  basis  of  the  renowned 
sausages  of  Bologna  (37).  At  a  banquet  given  by  an  Academician  in 
Paris,  having  MM.  Velpeau,  Tardieu,  Latour  and  other  notabilities  as 
guests,  the  "bifticks"  and  ''fllets''  prepared  from  the  flesh  of  an  old  she- 
ass  were  unanimously  pronounced,  it  is  stated,  to  be  more  tender,  succu- 
lent and  delicate  than  similar  plates  prepared  for  comparison,  from  the 
horse(32). 

Hippopotamus. — The  flesh  of  the  hippopotamus  supplies  a  substantial 
meal  to  the  African,  and  when  young  is  delicate,  but  when  old  is  coarse, 
fat  and  strong  and  inferior  to  beef  (5).  The  young  meat  is  much  esteemed 
by  the  Hottentots  and  natives  of  Abyssinia (4).  Dr.  Livingstone  writes: 
**The  hip|K)potamus  hunters  form  a  separate  people,  called  Akombwi  or 
Mapodzo,  and  rarely — the  women,  it  is  said,  never — intermarry  with  any 
other  tribe.  The  reason  for  their  keeping  aloof  from  certain  of  the 
natives  on  the  Zambesi  is  obviously  enough,  some  having  as  great  an 
abhorrence  of  hippopotamus  meat  as  Mohammedans  have  of  swine's 
flesh" (34).  The  hippopotamus  that  was  killed  and  partly  burnt  in  the 
fire  at  Crystal  Palace,  London,  a  few  years  back,  was  eaten  by  Dr.  Cripp 
and  some  of  his  friends,  who  reported  that  the  flavor  of  the  flesh  was 
excellent  and  its  color  whiter  than  any  veal  (14). 

Holothuriae — Holothuriie  (sea  cucumbers)  are  eaten  largely  by  the 
rhine8e(l),  the  natives  of  the  Indian  Archipelago (4),  the  Australians (4) 
and  South  Sea  Islanders (47).  They  are  also  taken  on  the  coast  of 
Naples  and  eaten  by  the  poorer  inhabitants (4). 

Iguana — The  iguana  inhabits  South  America  and  the  West  Indies, 
where  it  is  esteemed  a  delicate  food(4),  although  it  has  been  generally 
considered  unwhole8ome(30).    Its  eggs  are  nutritious  and  agreeable (60). 

Jerboa.— The  common  jerboa  (Dipus  Egyptius)  is  eaten  by  the  Arabs, 
who  esteem  its  flesh  among  their  greatest  dainties(60).  The  Alagtaga 
(Dipns  .Taculns)  is  larger  than  the  common  jerboa,  and  called  by  the 
Arabs  the  lamb  of  the  Israelites.  Many  authors  consider  it  to  be  the 
coney  ..f  tlir  S^-riptures,  a  kind  of  rabbit,  and  the  mouse  of  Isaiah(4). 
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Kalong.— The  kalong,  or  edible  luu..,  i.,-  ,»  „^h^.,.-m  ni  L»ai;,  u  abun- 
dant in  Java  and  is  valuwl  uh  f(Hul  hv  the  iiutivoi.  TIm!  (Usah  l»  white, 
delicate  and  tender,  but  generally  imbued  with  a  luiiell  of  miuik(4). 

Kangaroos.—  Kan^ranHw  are  eaten  by  the  alMirifntitt  of  AuiitniH«(18, 
10),  and  their  llcsh  is  considered  excollpnt.  Soup  macii!  frtim  llic  Uil 
is  reputed  to  be  far  superior  to  ox-tail  H4iup(4;.  It  in  imported  into 
England  with  the  Australian  meat  in  sealed  tins.  Three  kanganm  wm 
eaten  in  Paris  dnrin^:  the  8iojre(10).  The  wombat  ia  eaten  hy  the 
natives  of  Australia(12)  and  its  flesh  iH  said  lo  be  pit*ferable  to  that  of 
all  other  animals  of  Australia(4).  Wallabies  are  alao  eaten  by  the  natives 
of  Australia (5). 

Lion. — The  lion  is  eaten  sometimes  in  Africa,  but  its  fleah  b  not 
good(6). 

Lizards — Lizards  are  eaten  by  the  Chinese (9),  the  Buahmen(3)  and 
the  natives  of  Australia (12). 

Llama — The  flesh  of  the  llama  is  said  to  resemble  mutton(nO). 

Locusts. — Locusts  are  eaten  in  great  quantities,  both  fresh  and 
salted (39).  They  have  a  strongly  vegetable  taste,  the  flavor  varying? 
with  the  plants  on  which  they  feed.  Dr.  Livingstone  considered  them 
palatable  when  roasted  (40).  They  are  eaten  by  the  Persians,  K^'ptians 
and  Arabians(48),  the  Bushmen(:3)  and  North  American  Indians(4.H), 
and  by  many  others.  Diodorus  Siculus  and  Ludolpbus  both  refer  to  a 
race  of  people  in  Ethiopia  supporting  themselves  upon  ]ocusta(48). 
Ludolphus  remarks :  '*For  it  is  a  very  wholesome  and  sweet  sort  of  diet, 
by  means  of  which  a  certain  Portuguese  garrison  in  India,  that  was  ready 
to  yield  for  want  of  provision,  held  out  till  it  was  relieved  another  way.** 
Madden  states  in  his  "Travels":  "The  Arabs  make  a  sort  of  bread  of 
locusts.  They  dry  them  and  grind  them  into  powder,  then  mix  this 
powder  with  water,  forming  them  into  round  cakes,  which  aerve  for 
bread.'^ 

Lynx. — The  Canadian  1\tix  is  eaten  by  the  Indians,  and  its  flesh  is 
said  to  be  white,  tender  and  to  resemble  that  of  the  American  harp(4). 

Manatee. — The  manatee,  sea-cow,  or  woman-fish,  a  native  of  the  seas 
of  the  West  Indies  and  South  America,  is  said  to  be  an  excellent  food(4). 
Dr.  Vogel  found  the  flesh  very  well  flavored  and  the  fat  like  pork(14). 
Payen  states  that  the  flesh  is  whitish  and  good  to  eat,  and  that  the  ani- 
mal's milk  has  an  agreeable  flavor  (27). 

Marmot. — The  marmot  of  the  Alps  affords  nourishment  to  the  poorer 
inhabitants  of  T^Tol,  Savoy  and  other  parts.     Three  other  species  arc 
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also  eaten,  namely,  the  Maryland  Marmot,  Bobath,  and  the  Cassin  or 
Earless  Marmot (60). 

Mice  and  Rats Mice  and  rats  are  eaten  in  Asia,  Africa (5),  Aus- 

tralia(12)  and  New  Zealand(ll),  and  considered  delicate  morsels.  The 
taste  of  rats  is  pronoimced  to  be  somewhat  like  that  of  birds  (10).  The 
Chinese  eat  them(l),  and  to  the  Esquimaux  epicures  the  mouse  is  a  real 
bonne  houche(d).  Rats  and  mice  were  eaten  in  Paris  during  the 
8iege(10). 

Monkeys. — Monkeys  are  eaten  by  the  Chinese(l),  the  natives  of 
Ceylon(3),  the  Indians,  the  negroes  and  whites  in  Trinidad(3),  the 
Dyaks  of  Borneo(3),  the  Africans  of  the  Gold  Coast (3),  the  aborigines 
of  the  Amazon (2)  and  the  Indians  of  British  Guiana (4).  The  flesh  is 
said  to  be  palatable(5).  Algot  Lang,  an  explorer  in  the  upper  Amazon, 
told  the  author  in  1915  that  he  had  often  eaten  grilled  monkey  with  relish. 

Moths — Moths  of  several  varieties  are  eaten  by  the  natives  of  Aus- 
tralia (12)  ;  one  species,  called  Bugong,  is  said  to  be  more  prized  by  the 
Australian  than  any  other  sort  of  food.  The  bodies  of  these  insects,  it 
is  stated,  are  large  and  contain  a  quantity  of  oil;  they  are  sought  after 
as  a  luscious  and  fattening  food  (12,  48). 

Mask-ox — Captain  Ross  considered  the  flesh  of  the  musk-ox  excel- 
lent and  free  from  any  particular  musky  flavor,  though  the  skin  has  a 
strong  smell (5).    The  tongue  and  nose  are  considered  great  delicacies (4). 

Opossum. — The  opossum  is  eaten  in  America (5),  Australia (16,  12, 
5)  and  the  West  Indian  Islands.  Young  ones  are  roasted  for  the  table, 
and  the  flesh  is  white  and  of  good  flavor (5).  They  are  considered 
by  the  natives  of  South  America  equally  as  good  for  food  as  the  flesh  of 
the  hare  or  rabbit,  especially  the  Virginian  opossum (60).  The  Southern 
negroes  prize  it  very  highly  as  a  food. 

Ostrich. — The  ostrich  affords  an  abundant  banquet  to  many  savage 
nations  of  Africa,  where  it  is  sometimes  kept  in  a  tame  state  for  breed- 
ing(5).  Dr.  Livingstone  writes  that  the  flesh  is  white  and  coarse.  When 
in  good  condition  it  resembles  in  some  degree  that  of  a  turkey(40),  but 
the  flesh  is  only  good  when  young,  for  when  it  is  full  grown  the  bird  is 
very  fat(4).     Three  ostriches  were  eaten  in  Paris  during  the  siege(lO). 

Parrots  and  Cockatoos — Parrots  and  cockatoos  are  eaten  by  the  natives 
of  Au8tralia(12).  The  flesh  of  parrots,  when  young,  is  delicate  and  is 
largely  eaten  in  Brazil (5).  Toucans  are  eaten  by  the  aborigines  of  the 
Amazon (2)  and  in  Brazil (4). 

Pea-fowl — The  pea-fowl  is  occasionally  eaten,  and  its  flesh  is  reputed 
to  be  good,  but  the  beauty  of  the  peacock's  plumage  renders  it  too  valu- 
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able  a  bird  to  form  an  ordinary  article  of  food.  In  oldoti  timet  tho  pat- 
cock  occupied  its  place  at  the  table  m  one  of  the  diaheg  in  the  teeood 
course  at  every  great  feast.  At  the  present  time  a  few  of  the  old  eokmiel 
homes  in  the  South  grow  the  pea-fowl  for  the  tabla  The  author  btt  often 
eaten  roasted  pea-fowl,  which  ei]ual8  roast  turkey  in  delseMsy. 

Pelican — The  pelican  is  eaten  by  the  natives  of  A'uatnilia(12 ). 

Penguins— Penguins  are  eaten  by  the  abonginee  of  New  ZmlandCJ). 

Porcupine — The  porcupine  is  considered  delicioua  UhmI  in  South 
America  and  India  and  resembles  the  sucking  pig(ri).  The  Dutch  and 
Hottentots  are  fond  of  it(.'J)  and  it  is  fre<iuently  brougfit  to  the  table  at 
the  Cape  of  Good  Hope(60).  It  is  eaten  in  Sicily  and  if«lu(60)  and 
sold  in  the  markets  of  Ilome(5). 

Reindeer — The  reindeer  is  eaten  in  Siberia (28)  and  is  tlie  favorite 
food  of  the  Esquimaux(19).  It  is  the  principal  nourishment  of  the  Lap- 
landers. The  tongues  are  excellent  when  salted  and  the  milk  is  sweet 
and  nourishing(60).  The  sinewy  parts  of  stags  are  highly  prized  by  tbe 
wealthy  Chinese (29). 

Rhinoceros. — Rhinoceros  is  eaten  in  Abyssinia  and  by  tome  of  tbe 
Dutch  settlers  in  the  Cape  Colony.     It  is  in  higli  esteem(3). 

Seal — The  seal  is  all  in  all  to  the  Greenlander  and  E8quimauz(4). 
It  is  eaten  by  the  Kamschadales(4),  the  inhabitants  of  the  coast  of  Loibni- 
dor (17),  Vancouver  Island (18),  etc.  Its  flesh  is  coarse  and  oily;  never- 
theless, it  was  formerly  served  up  at  feasts  in  England,  together  witl\ 
the  porpoise(5).  The  liver,  when  fried,  is  esteemed  by  sailors  as  an 
agreeable  dish (4).  A  seal  eaten  during  the  siege  of  Paris  was  said  to 
taste  like  lamb(14). 

Sharks — Sharks  dre  eaten  by  the  Gold  Coast  negroes(S)  and  the 
natives  of  New  Zealand (11),  but  not  by  the  natives  of  western  Ane- 
tralia(3).  The  natives  of  the  Polynesian  Islands  feast  on  them  in  a 
raw  state  and  gorge  themselves  so  as  to  cause  vomiting(3).  Dr.  Hector 
writes  as  follows  of  edible  sharks:  'The  Maoris  are  large  oontiuiiers  of 
sharks,  or  mango,  as  they  term  them,  of  various  species,  bat  diieflr  the 
smooth-hound  (Mustellus  antarcticus),  dogfish  of  two  species  (Scyllium 
laticeps  and  Acanthias  vulgaris)  and  the  Tope. 

"Galeus  canis,  a  species  of  seal,  may  be  seen  at  certain  seeaoos  at 
any  Maori  settlement  by  the  seaside,  hanging  on  poles  in  thooMnda, 
and  rendering  the  neighborhood  extremely  unpleasant.  The  species  moat 
valued  is,  however,  the  8mooth-houn<l.  It  is  the  only  shark  which  is 
properly  edible,  as  it  lives  on  shellfish  and  crabs  and  has  the  same  clean 
feeding  habits  as  the  skate.     In  the  Hebrides  and  north  of  Scotland 
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the  flesh  of  this  harmless  little  shark  is  considered  to  be  a  great  deli- 
cacy, but  I  have  never  heard  of  its  being  eaten  by  the  white  settlers  in 
the  colony'' (-^5).  The  fins  of  sharks  are  highly  prized  by  the  wealthy 
Chincsc(20). 

Sloths. — Sloths  are  eaten  by  the  natives  of  Australia  (12). 

Snail — The  vineyard  snail  (Helix  pomatia)  is  used  as  food  in  many 
parts  of  Europe  during  Lent (4).  It  is  reared  and  fattened  with  great 
care  in  some  cantons  in  Switzerland  as  an  article  of  luxury  and  exported 
in  a  pickled  state.  Many  other  snails  are  eaten  by  the  poor,  and  none 
are  known  to  be  hurtful (30).  The  common  garden  snail  (Helix 
aspersa)  is  used  in  some  parts  as  a  cure  for  diseases  of  the  chest(4). 
Snails  on  the  Continent,  and  even  slugs  in  China,  have  a  reputation  for 
delicacy  and  nutritive  power (46).  Garden  snails  may  be  found  on  the 
menus  of  fasliionable  New  York  restaurants. 

Snakes. — Snakes  are  eaten  by  the  Chinese  (1),  the  natives  of  Aus- 
tralia (12),  and  by  those  of  many  other  countries,  but  the  flesh  is  reckoned 
unwholesome  and  liable  to  occasion  leprosy (3).  A  nutritious  broth  for 
invalids  is  made  in  some  places  from  the  flesh  of  the  poisonous  viper(39). 

Spiders — Spiders  are  eaten  by  the  Bushmen  and  the  inhabitants  of 
New  Caledonia (3).  Several  species  of  beetles  are  eaten  by  women  of 
different  nations,  in  the  belief  that  they  will  cause  them  to  grow  fat  and 
become  prolific  in  child-bearing. 

Spotted  Crake. — The  spotted  crake,  or  speckled  water  hen,  is  highly 
esteemed  in  France  for  the  flavor  of  its  flesh.  Few  birds  can  match  it 
in  autumn  as  a  rich  morsel  for  the  table(4). 

Squirrels — The  squirrel  is  eaten  by  the  natives  of  Australia  (12),  the 
North  American  Indians(23),  and  is  a  favorite  dish  in  Sweden  and  Nor- 
way (5).  The  flesh  is  said  to  be  tender  and  to  resemble  that  of  a  barn- 
yard fowl(60).  It  is  sometimes  eaten  by  the  lower  classes  in  England(5) 
and  in  the  United  States,  and  when  fried,  broiled  or  stewed  makes  an 
appetizing  morsel. 

Swans — Swans  were  eaten  by  the  ancients,  and  often  appeared  of 
old  at  great  banquets  in  England.  They  are  eaten  by  the  natives  of 
Au8tralia(12),  and  the  flesh  of  the  cygnet,  which  is  said  to  have  a  flavor 
resembling  both  the- goose  and  the  hare,  is  still  considered  a  delicacy  in 
Europe  (4). 

Swordflsh.— The  flesh  of  the  swordfish  (Ziphias  Platypterus  of  Shaw) 
waa  known  in  early  tinies  as  an  article  of  food,  and  its  fame  is  not  unde- 
sen-ed.  The  flesh  near  the  vertebrae  is  pale  salmon-colored,  and  any 
epicure  of  fish  might- be  recommended  to  try  a  cutlet  from  it.     Lower 
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down  it  is  red  and  like  ooarso  beef(43).  A  Hpccien  of  Smru*,  or  pirrot 
lish,  was  highly  esteemed  by  the  Koiiiaii  epicuron,  and  tb©  (Jrcdu  ftill 
cousider  it  to  be  a  tish  of  exqiUHito  tlavor(4). 

Tapir — The  North  American  Indian  compares  the  fleah  of  the  faptr 
to  beef  (5).  Altliough  much  esteenuMl,  it  ia  conaidered  by  the  inhabitanU 
of  South  America  to  l)o  inferior  to  lHM'f(6()). 

Toad — The  toad  is  eaten  by  the  nc*groea(5),  and  a  apocic*  caiW  iUnm 
bombina  is  eaten  in  some  phices  like  tiHh(39). 

Tortoise — Land  tortoises  are  eaten  by  the  natives  of  th'e  Ama2iin(2), 
of  India(4),  of  South  Africa(4(n  and  by  the  \«irth  Anifriciin  In- 
dians (43).  Payeu  considers  the  tlesh  of  the  tortoine  a  wbohriifnie 
food(37)  and  Dr.  Livingstone  found  it  a  very  agreeable  diah(40).  It 
is  said  to  resemble  veal  (40). 

Trionyx  Ferox — The  flesh  of  the  trionyx  ferox  ia  considerpd  very 
delicate  food,  and  on  the  coasts  of  North  America  it  ia  angled  for  with 
a  hook  and  line  baited  with  small  lish (4). 

Turtle. — The  flesh  of  the  marine  turtle  is  largely  eaten  and  highly 
esteemed,  besides  yielding  in  this  country  the  choiceat  of  aoups.  The 
fresh-water  turtle  abounds  in  the  marshes  of  Provence  on  the  ahorea  of 
the  Rhone  and  in  Sardinia  (37),  and  is  eaten  by  the  inhabitanta,  as  it  is 
by  the  natives  of  Australia (12). 

Walrus The   walrus   is   eaten   by   the  Esquimaux(19)    and   higlily 

appreciated  by  Arctic  explorers (20). 

Whale — The  whale  is  eaten  lar«^ely  by  the  natives  of  Western  Aus- 
tralia, New  Zealand (3),  the  poorer  sort  of  Japane8e(21),  the  rude  lit- 
toral tribes  of  Northern  Asia  and  America (3),  the  nativea  of  Van- 
couver Island(18)  and  the  Esquiniaux(3).  Blubl)er  ia  u.so<l  n»  food  in 
Vancouver  Island(18)  and  by  the  E3quimaux(22).  The  blubber  and 
flesh  of  the  narwhal,  or  sea  unicorn,  is  considered  a  great  delicacy  by 
the  Greenlander(4). 

Wolves. — Wolves  are  forbidden  among  the  African  Arabs,  but  are  not 
infrequently  eaten  by  sick  persons,  in  the  belief  that  their  flesh  is 
medicinal (7).  The  mountaineers  of  the  American  Sahara  eat  the  amall 
prairie  wolf  (canis  Latrans). 

The  Zulus. The  Zulus  are  so  fond  of  carrion,  or  decomposed  flesh 

with  worms  in  it,  that,  according  to  a  letter  of  Archbishop  Colenso,  pub- 
lished  in  the  London  Times,  they  uso<l  their  word  (ubomi),  representing 
it  as  a  synonym  for  their  highest  notion  of  happine88(36). 
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Abies  Nigra  or  black  Hpriico.  667. 
Absinthe,  composition  of.  6HH. 

injurious  effects  of,  580. 
Absorption,  actual  course  of,  1«4. 
of  bread,  387. 
by  capillary  blood  vessels  of  the  villus, 

172. 
of  carbohydrates,  184. 

behavior  of  intestinal  wall  to,   18«. 
course  of,  in  system,   185. 
in  stomach,   185. 
changes  in  organic  foods  during,  177. 
course  of,  in  cecum,  167. 
duodenal,  166. 
in  ileum,  167. 
in  lower  intestinal,  166. 
in  stomach,  164. 
and  dialysis,  204. 
and  diffusion,  204. 
energy  controlling,  178. 
of  fats,  169,  459. 
extent  of,  182. 

function  of  leucocytes  in,  181. 
lost  fraction  in,   i81. 
manner  of,  178. 
mechanism  of,  178. 
part   played    by   bile    and    pancreatic 

juice  in  process  of,  180. 
processes  involved  in,   183. 
theories  of,  178. 
and  filtration,  207. 
of  fruits,  479. 
in  large  intestine,  174. 

of  fats,  176. 
of  legumes,  441. 
as  a  living  and  not  mechanical  action, 

208. 
Ivmphatic,  171. 
of  milk,  312. 
modern  theory  of,  202. 
and  osmosis,  172,  204. 
of  peptones,  168. 

percentage    of   protein,    fat    and    carbo- 
hydrates ab.sorbed  from  dry  sub- 
stances in  various  foods,  163. 
physical  and  chemical  agencies  formerly 

held  in  explanation  of,  204. 
physiological    test    of    digestibility    of 

food,  162. 
physiology  of,  161. 

of    proteins,    accompanying   changes   of 
villus  and  epithelium,  189. 


AhfMirption.   of   proMM, 
pqttoocM,  104. 

aminoHiddfl  mulUnff  from  bjdrolyato 
of  complex  protoiM,  IM. 

muriM>  of  cmino-arids  la.qrilni,  IM. 

extent  of  reduction  bdiori^  190. 

final  proeeMWs  of,  tOS. 

foreign.   190. 

form  of,  189. 

in   form   of  amino-aeidt,  196. 

mnnner  of,  188. 

normal  cf>urse  of,  198. 

normal   formH  of,  after,   194. 

rtintion  of  amino  ariiU   to.    19f,   19t. 

relation  of,  to  infant'*  diet,  190. 
of  ptomaina,  068. 
quantity  and  quality  of  fon<l   inirrttted. 

161. 
of  rice,  390. 

rAle  of  white  blood  eorpoaclea  in,  203. 
of  saline  solutiona,  109. 
of  salts.   168. 
in  small  intestine,  power  of,  174. 

of  8aline  solutionfl  and  watrr,  100. 
in  stomach,   141,   163. 
of  8ugar,   168. 

of  vegetable  fata  and  oiU,  467. 
of  vegetable  foods,  371. 
of  water,  167,   169. 

in  large  intestine,  175. 

lymphatic,  171. 
Acetic  acid,  95. 
Acids,  acetic,  67. 
amino-,  67. 
amino-acetic,  67. 
aminopropionic,  67,  68. 
entering     into    formation    of    ftjneerin 
esters  of  fats  and  oils.  98. 

caproic  acid.  99. 

caprylic  and  capric  acida,  99. 

erucic  acid,  99. 

hypogeic  acid,  99. 

lauric  acid,  99. 

oleic  acid,  99. 

muriatic  acid,  99. 

palmitic  acid,  99. 

stearic  acid,  99. 
in  fruits.  477. 
of  meat,  278. 

organic.    See  Orgnaic  Adds. 
phytic.  100. 
propionic,  67. 
Acorns,  506,  657. 
Acrodynia,  simulated  by  rrgotnun,  675. 
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Actinomycosis,  etiology  of,  679. 
Adulterated    foods,    and    adulterants    of, 

table  of,  686,  687. 
Adulterants,  of  food,  682. 
Adulteration,  68.3. 

of  beverages,  683. 

of  bread,  68.3. 

of  butter,  68.3. 

in  canning  of  foods,  684. 

of  cocoa,  683. 

of  coffee,  683. 

of  honey,  684. 

of  lard,*  683. 

of  liqueurs,  683. 

of  malt  liquors,  682. 

of  maple  sirup,  683. 

of  olive  oil,  683. 

of  pickles,  6.52. 

of  sirup  and  molasses,  625. 

of  teas,  683. 

types  of.  681. 

of  wine,  682. 
Aesculus    hippocastanum  or   horse   chest- 
nut, 657. 
Agar  agar,  451. 
Agoutis,  as  food,  763. 
Agriculture,  early,  in  America,  34. 

influence  of,  upon  civilization,  36. 

introduction  of,  33. 

primitive  milling,  36. 

stationary,  34. 

use  of  fertilizers,  among  early  Indians, 
36. 
Alanin,  70. 

formula  of,  67. 
Albatross,  as  food,  763. 
Albuminoids,  55,  78. 

definition  of,  696. 
Albumins,  75. 

Albumoses,  absorption  of,  194. 
Albumosuria,  causation  of,  192. 
Alcohol,  absolute,  569. 

amount  of,  capable  of  complete  oxidiza- 
tion, 582. 

amy  He,  93. 

composition  of,  93. 

conversion  of  monosaccharide  into,  85. 

cumulative  e'ect  of,  592. 

cyclic,  93. 

effect  of,  on  digestion  and  secretion,  574. 
on  excretory  organs,  581. 
upon  the  heart,  570. 
on  mental  processes,  580. 
on  metabolism.  580. 
on  muscular  activity,  573,  .592. 
on  temperature,  572. 

ethyl,  93,  569. 

M»  a  fat-sparer,  578, 

food  value  of,  93,  577,  579,  580,  592. 

habitual  use,  result  of,  in  case  of  sick- 
ness, 593. 

local  effects  of,  570. 

moderate  daily  use  of,  593. 

and  physical  labor,  573,  574. 


Alcohol,  how  produced,  569. 
taken  on  empty  stomach,  574. 
triatomic,  93. 
use  of,  in  disease,  593. 

in  fevers  and  other  wasting  diseases, 
593. 
vascular  paralysis  due  to  prolonged  over- 
indulgence in,  573. 
Alcoholic  drinks,  brandy,  585. 
constituents  of,  569. 
gin,  587. 
liqueurs,  587. 
low,  567. 
rum,  586.» 

special  characters  of,  569. 
whiskey,   582. 
Aldehyds,  94. 
Algae,  450. 

Alimentary  glycosuria,   86. 
Alimentary  toxemia,  193. 
Alimentary  tract,  anatomy  of,  108. 
bacteria  of,  213,  214. 
definition  qf,  108. 
esophagus,   110. 
large  intestine,   113. 
mouth,   108. 
palate,   109. 
teeth,  110. 
pharynx,  110. 
small  intestine.   111. 
stomach.  111. 
Allantiasis,  669. 
Alligator  pear,  495. 
Allspice,  645. 
Almond  oil,  469. 
Almonds,  506. 
bitter,  506. 
green,  507. 
Amblyrhynchus,  as  food,  764. 
American  foods,   chemical   composition  of 
(tables),   738-747;    bread,   crack- 
ers, cakes,  pastry,  puddings,  738- 
743;    sugars,    starches,    743-744; 
vegetables,  744-747. 
American      Indians,      early      agriculture 

among,  34,  35. 
Amids,  83. 

Amino-acids,    absorption    of    proteins    in 
form  of,  19^. 
chemical  formulae  of,  67-70. 
course  of,  in  system,  199. 
deaminization  of,  72. 
derivation  of,  from  organic  acid,  67. 
as    final    cleavage    products    of    protein 

digestion,  199. 
free,  present  in  muscles  and  other  tis- 
sues,  200. 
not    incorporated    into    body,    breaking 

down  of,  201. 
as  means  of  carrying  protein  from  ali- 
mentary canal,  202. 
methods  of  separating,  70. 
protein,  67. 
table  of,  67, 
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Amino-acldg,   relation   of,   to   protein   ab 
Horption,   11)5.   106. 
resulting    from    hydrolysU    of   oonplcx 

protrins,  ll»r). 
ultiinati'    fato   of.   after  entering   bliKnl 
stream,  200. 
Amino-aoitiM    and    peptide,   vs.  blood   pro- 

tciiiH.   I»«. 
AminolvHiiiH.   101. 
Aminopropionic  acid,  67,  68. 
Aminovalerianic  acid,  formula  of,  71. 
Ammonia,  fre<\  241. 
ill  water,  241. 

characteristic     of    sewace     pollution, 
241. 
Arayloao,  157. 
Amylic  alcohol,  93. 
Amylolytic  action,  120. 
Anchylostomiaais,  source  of  infection,  667. 
Angostura  bitters,   .589. 
Animal  fats,  bone  marrow,  466. 
butter,  4()1. 
butterine,  MiG. 
composition  of,  98. 
lard,  46.5. 
oleoma rjjarin,  466. 
pemmican,  466. 
sources  of,  461. 
suet,  466. 
tallow,  466. 
various.  466. 
Animal  flesh.     See  Meats. 
Animal   food,    averajje   chemical   composi- 
tion of,  702-728.    See  also  special 
subjects, 
eggs  and  egg  products,  349. 
fish  and  shellfish,  300. 
fowls,  domestic  and  wild,  296. 
gelatin,  293. 
meat  extracts,  287. 
meats,  277. 

milk  and  milk  products,  307. 
relative  cost  of  vegatable  and,  375. 
unusual,    763. 
agoutis,  763. 
albatross.   763. 
amblyrhynchus,  764. 
ants,   764. 
armadillo,   763. 
axolotl,   764. 
bandicoot,  764. 
bear,  764. 
beaver,  764. 
bees,  765. 
birds'  nests,  765. 
bison,  764. 
blaps,  765. 
buffalo,  764. 
bustard,  764. 
camel,    765. 
carrion,   775, 
caterpillars,  767. 
cats,  765. 
cavia,  765. 


Animal  fiMMj,  unuaual,  timU,  7e7. 
rfirkatiMMi  mtu\  |NirroU,  77t. 
CfilUrd  |>rrari.  7GA. 
eormorant.  704. 
oniM,  7(MI. 
croeodllr.  760. 
curk'Mi.  7fW. 
eiittlrflah.  707. 
drcomMMrU    ffmli    with    wnfWH   is    H, 

drifpi,  707. 
dujronir.  707. 
wirth  mtinir.  707. 
parih  ho|;.  70H. 
riephant,  707. 
elk,  707. 
frofra.  708. 
in'aimhnpiwrs,  760. 
Ip-ubii.  too. 

Cull.  700. 
ed|;rhog.  760. 
hipitophafQT.  760. 
hipJMijiotainiui,  770. 
holothuriae.  770. 
human  flmh.  liW. 
iguana,  770. 

t'erbna,  770. 
:along.  771. 
kangaroo*,  771. 
lion.  771. 
lizardn,  771. 
llama.  771. 
locusts.  771. 
IjTix,  771. 
manatee,  771. 
marmot,  771. 
mice  and  rata,  772. 
monkeya.  772. 
moths,*  772. 
musk  ox,  772. 
opoHsum.  772. 
ostrich,  772. 

parrots  and  ooduitooa,  772. 
peafowl,  772. 
pelican,   773. 
penguins,   773. 
porcupine.  773. 
rati*  and  mice,  772. 
reindeer.  773. 
rhinocerotf.  773. 
seal,  773. 
sharka,  773. 
sloths.  774. 
anail.  774. 
snakes,  774. 
spiders.  774. 
spotted  crake,  774. 
aquirrels.   774. 
swans.  774. 
swordfish.  774. 
Upir,  775. 
toad.  775. 
tortoise,  775. 
trionvx  ferox,  775. 


784 


INDEX 


Animal  too(i,  anusiial,  turtle,  775. 
walrus,  775. 
whale,  775. 
wolves,  775. 
of  the  Zulus,  775. 
viscera  of  animals,  294. 
Animal  and  vegetable  foods,  unclassified, 
average  chemical  composition  of, 
758. 
relative  values  of,  49. 
Animal  viscera,  composition  and  descrip- 
tion of,  294. 
definition  of,  294. 
as  foo<l,  blood,  295. 
brain,  296. 
heart,  295. 
kidneys,  294. 
liver,*295. 
lungs,  295. 

pancreas  ("belly"  sweetbread),  295. 
stomach,  or  tripe,  295. 
thymus    gland     ("neck"  or    "throat" 

sweetbread),  295. 
tongue,  295. 
Animals,  domestication  of,  32. 

unusual,  sometimes  used  for  food.     See 
Animal  Food,  Unusual. 
Anise,  647. 

toxic  substances  contained  in,  658. 
Ant.  as  food,  764. 
Anthrocyans,  102. 
Anthrozanthins,  101. 
Apigenin,  101. 

Apples,  chemical  composition  of,  480. 
custard,  490. 
fermented  liquor  of,  481. 
geographical  distribution  of,  480. 
kinds  of,  480. 
mammee,  496. 

May,  violent  catharsis  due  to,  661. 
red*  litmus  contained  in,  659. 
rose,  491. 
sour,  489. 
star,  492. 
sugar,  490. 

wholesomeness  of,  481. 
Apple  brandy,  585. 
Apple  cider,  481. 
Apple  vinegar,  605. 
Apricot  brandy,  596. 
Apricot,  kernel  oil,  471. 
Apricots,  483. 
Araben,  85. 
Arboreal   ancestors,   modifications   due   to 

evolution  from,  42. 
Armadillo,  as  food,  763. 
Arrowhead  tubers,  426. 
Arsenic,  introduced  into  food,  686. 
Artichoke  greens,  437. 
Aah  of  body,  minerals  composing,  261. 
Ash  or  mineral  waters,  use  of  term,  697. 
Asparagus,  4.36. 

toxic  substances  of,  668. 
Auto- intoxication,  causation  of,  193. 


Avitaminoses,     cause     and     characteristic 

syndromes  of,  680. 
Axolotl,  as  food,  764. 


Bacillus  coli  communis,  in  water,  243. 
Bacon,  digestibility  and  use  of,  285. 
Bacteria,  of  alimentary  canal,  213,  214. 
in  food.     See  Food  Infection, 
in  milk,  328. 
classes  of,  328. 
sources  of,  330. 
in  water,  242 

bacillus  coli  communis,  243. 

cholera  germs,  243. 

detection    of,    by    chemical    analysis, 

245. 
typhoid  bacilli,  243. 
Bacterial    activity,   experiments   to   deter- 
mine nature  of,  211. 
phases  of,  214. 

relation  of,  to  food  metabolism,  212. 
underlying  principles  governing,  212. 
in  water,  240. 

See  also  Bacterial  Metabolism  and  Bac- 
teriology. 
Bacterial   decomposition    of  food,  in  gas- 
tro-intestinal     tract.       See     Bac- 
terial Activity. 
Bacterial    metabolism,    action    of    carbo- 
hydrates in  media,  221. 
action   of   protein    and    protein    deriva- 
tives, in  media,  221,  222. 
formation     and     elimination    of    waste 

products  arising  from,  216. 
nature  of,  214. 

necessity  of  nitrogenous  diet  in,  217. 
in  normal  digestive  processes,  213. 
phases  of  energy  or  catabolic,  214. 

structural,  2i4. 
preparation  and  utilization  of  energy  in, 

217. 
prominent  features  of,  214. 
reactions  of  bacteria  in  media  contain- 
ing   both    utilizable    nitrogenous 
substances    (proteins  and  protein 
derivatives)     and    carbohydrates, 
221. 
relation  of  products  of,  to  nutritive  en- 
vironment, 223. 
specificity  of  microbe  action,  216. 
syntheses  of,  217. 
transformations  of,  final,  215. 

preliminary,  215. 
utilization    of    protein    derivatives    in, 
218. 
Bacteriology,  of  alimentary  canal,  normal 
and  abnormal  flora,  229. 
of  cecum,  228. 
gastro-intestinal,  223. 

in  adolescents  and  adults,  225. 
in  infants,  224. 
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Bacteriology,    of    inte«tin«1   eont«nU.    «.f- 
fwt8  of  nhnornml  conditiuna  u|K>it. 

effoct  of  catharticH  on,  220. 
of  larj?(*  inti'atiiic,  228. 
of  inoiith.  220. 
rogional,  220. 
of  small  intcHtine,  227. 
of  stomach,  227. 
Bananas,  r)()2. 

toxic  suhstancos  in,  058. 
Bandicoot,  as  Uhh\,  704. 
Barbadocs  clu'rry,  4Ul. 
Barberries.  V.n).' 

toxic  substance  in,  058. 
Barley.   401. 

composition  of,  401. 
pearl,  401. 
Barley  shi'aths,  actinomycoflis  due  to,  07!>. 
Baths,  mud,  5:^7. 
"Bausteine,"  11)9. 
Bay  leaf,  040. 

Beans,  analyses  of,  744-746. 
bolicohs,  444. 

broad  or  Windsor,  440,  444. 
butter,  444. 

comparison  of  peas  and,  440. 
green,  430. 

composition  of,  440. 
kidney,  444. 
lima,  444. 
shelled,  439. 
soy,  444. 
Bear,  as  food,  764. 
Beaver,  as  food,  704. 
Beechnut,  507. 

Beef,    average    chemical    composition    of. 
canned  beef,  707. 
cooked  beef,  706,  707. 
corned  and  pickled  beef,  708. 
dried  beef,  709. 
fresh  beef,  702-706. 
canned,    average    chemical    composition 

of,  707. 
cooked,  average  chemical  composition  of. 

706. 
corned    and    pickled,    average    chemical 

composition  of,  708. 
cuts  of,  699. 
dried,  average  chemical  composition  of, 

709. 
factors  influencing  quality  of,  283. 
fresh,  average  chemical  composition  of. 

702. 
tenderness  and  toughness  of,  282,  283. 
Beef  bouillon,  291. 
Beef  extracts.  287. 
constituents  of,  288. 
nutritive  value  of,  287. 
percentage  composition  of,  288. 
stimulating  effect  of,  287. 
Beef  fat,  or  tallow,  406. 
Beef  juice,  289. 
raw,  289. 


IWrf  juiM,  raw.  eootpniltiMi  of.  9fio 

urn  of.  tM. 
M  mtal,  m. 


BMf  prodtteU, 


^   i'<l">r«tiaM 
w— pmUloa  of. 


BmT  Uprwortn.  6M. 
B««f  tra.  2N0. 
•Ibumimiid  malrrial  In,  291. 
prf|Mir«tion  of.  2M|i. 
pmrnraiiaM  of,  291. 
BMMMk«    dMBloil    eomposlUaii    of.    m 
aonparvd  witli  i«n.  »llk.  tfwmm 
ebtcM  and  wUtTErwd.  U4, 
Beer,  aeiioB  of,  on  dkMiiioa.  AM. 
herb,  668. 
Ringer,  5M. 
Rprtior,  568. 
invention  of,  Jl. 
"umall."  567. 
Bees,  as  food.  765. 

Beet  root  atigar.     fir^  f^nnr,  beet. 
Beets,  421. 
composition  of,  424. 
litmuH  contaimtl  in.  ir.O. 
Ben«Mlictinp.  580. 
B<>ngal  isinRlaiui.  451. 
B««n7.oic  acid,  06. 
Berlierin,  658. 

Beriberi,    due    to    "poI^^lM^    rke."    Mt, 
679. 
etiology  of,  670. 
occurrence  of,  670. 
Berries,  average  chimiieal  ***»|>irfttliBi  oC. 
fresh.  762. 
barberry,  400. 
blacklMTry,  409. 
blue,  498. 
cloudl)erry,  .500. 
cranberry,  501. 
currants*  501. 
description  of,  408. 
dewberry,  600. 
elderberry,  409. 
gooseberry,  600. 
huckleberry,  499. 
loganberry,  600. 
rasplierry'  500. 
roebuck  berry.  500, 
ser\'ice  berrj'*,  499. 
strawberry,  501. 
whortleberry.  408. 
Betaimidazoleethylamin,      formntloci      ol, 

from  hist  id  in,  220. 
Betala,  8S. 
Bererairea,  699. 
adulteration  of.  6H3. 
alcoholic.     Srr  .\lc«>holie  Driaka. 
artificial,  of  precibieulttiriatji  of  prearat 

time.  31. 
chocolate.  655. 
dder,  602. 


786 


INDEX 


Beverages,  cocoa,  551,  558. 
coffee,  545. 

deleterious  effects  in  use  of,  559. 
effect  of  caffein  in,  558. 
guarana  or  Brazilian  cocoa,  656. 
kola,  556. 
low  alcoholic,  667. 
malt  liquors,  559. 
nutritive  value  of,  568. 
perry,  602. 

of  precibiculturists,  29, 
tea,  540. 
vinegars,  602. 
wine,  594. 
Bile,  color  of,  119. 
composition  of.  119. 
part  played  by,  in  fat  absorption,  180. 
physiology  of,    1 19. 
uses  of,  in  intestines,  119, 
Bile-pigments,  119. 
Bilirubin,   119. 
Biliverdin,  119. 
Birds'  nests,  765. 
Biscuits,  385. 
Bison,  as  food,  764. 
Bitter   almond,   hydrocyanic  acid  yielded 

from,  658*. 
Blackberry,  499. 
Blackberrv  wine,  499. 
Black  jack',  622. 
Blaps,  as  food,  765. 
Blood,  animal,  as  food,  295. 

mineral  content  of,  257,  261. 
Blood  corpuscles,  white,  role  of,  in  absorp- 
tion of  food,  203. 
Blood    protein,    amino-acids    and    peptids 

vs.,  196. 
Blood    vessels,    capillary,    absorption    bv, 

172. 
Blueberry,  498. 

Bodily  structure  and  function,  changes  in, 
due  to  evolution  from  an  arboreal 
ancestor,  42. 
due  to  evolution  of  diet,  40. 
Body,  ash  of,  261. 

chemical  constituents  of,  52. 

proximate  principles,  54. 
constituents  of  vegetable  foods  vs.  those 

of,  366. 
elementary  composition  of,  53. 
function  of  salts  in,  262. 
importance    of    mineral    salts    to,    255, 

260. 
mineral  content  of,  255. 
bromin,  274. 
calcium,  265. 
chlorin,  273. 
fluorin,  274. 
iodin,  273. 
iron,  266. 
magnesium,  265. 
roanganefte,  276. 
oxalic  acid,  274. 
phonphonis,  271. 


Body,  mineral  content  of,  potassium,  269. 
silica,  274. 
sodium,  269. 
sulphur,  272. 

mineral  salts  in,  form  of,  259. 
Boiling,  of  milk,  313,  321. 

of  water,  application  of,  to  cookery,  20. 
history  of,  17. 
Boletus  edulis,  450. 
Bone  marrow,  466. 
Bones,  mineral  content  of,  257,  261. 
Boneset,  medicinal  action  of,  058. 
Bonnyclabber,  338. 

Boric  acid,  ill  effects  of,  on  human  econ- 
omy, 685. 

as  preservative,  685. 
Brain,  animal  as  food,  296. 

mineral  content  of,  261. 
Brandy,  apple,  585. 

apricot,  586. 

definition    and    process    of   making   of, 
585. 

effect  of  age  on,  586. 

fictitious,  586. 
Brazil  nut,  507. 
Bread,  absorbability  of,  387. 

adulteration  of,  683. 

analysis  of,  738. 

aerated,  386. 

average  chemical  composition  of,  734. 

blending  of  different  wheats  in,  384. 

digestibility  and  absorption  of,  387. 

good,  characteristics  of,  387. 

historical  tracings  of  making  of,  384. 

hot,  and  biscuits,  385. 

leaveners  of,  386. 

nutritive  value  of,  389. 

percentage  composition   of  certain   root 
vegetables  and,  424, 

process  of  home  baking,  385. 

sawdust  and  woody  filaer,  389. 

sour,  385. 

stale  and  slightly  dried,  386. 

white,  chemical  composition  of,  as  com- 
pared with   egg,  milk,  beeksteak, 
cream  cheese,  354. 
Bread    fruit,   489. 
Bread  nuts,  508. 

Brewing,  discovery  of  art  of,  559. 
Broccoli  sprouts,  434. 
Bromin,  presence  of,  in  body  and  in  foods, 

274. 
Bromin  and  iodin,  waters  containing,  528. 
Brussels  sprouts,  434. 
Buckwheat,  active  principle  of,  661. 

cultivation  and  description  of,  404. 
Buckwheat  flour,  composition  of,  404. 

use  of,  404. 
Buffalo,  as  food,  764. 
Bustard,  as  food,  764. 
Butter,  adulteration  of,  683. 

antiquity  of,  461. 

average  chemical  composition  of,  726. 

chemical  characteristics  of,  462. 


INDKX 


787 


Butter,  composition  of  various  gradeH  of 
404. 

creamery,  4(J.'l. 

imitation.  4l\:\. 

dairy,    4<);{. 

dipcstihility  iwul  value  ot.  .Ml. 

dip'slioii  of.  4(;r). 

estimated  yearly  output  of.  ifi  Hum  mun- 
try,  4(53. 

factory,  4(J:J. 

fatty  acida  in,  4(52. 

niakiujjf  of,   4(i2. 

pereentajje  of  fat  in,  405. 

production  of,  in   I'nited  States,  341. 

rancidity  in,  causes  of,  402,  463. 

renovate<i.  463. 
Hutterine,  466. 
Buttermilk,  336. 

analysis  of,  337. 

average  chemical  composition  of,  726. 

use  of,  337. 
Butter  nuts,  508. 
Butyric  acid,  95. 


Cabbage,  composition  of,  432,  434. 
cultivation  of,  433. 
red,  litmus  contained  in,  659. 
varieties  of,  broccoli  sprouts,  434. 
brussels  sprouts,   434. 
cauliflower,  434. 
kale  or  borecale,  434. 
seakale,  434. 
Cacao  beans,  treatment  of,  662. 
Cacao  fat,  470. 
Cacao  nibs.  553. 
Cacao  shells,  553. 
Cacao  tree,  fruit  of,  552. 

geographical  distribution  of,  651. 
habits  of,  552. 
Cadaverin,   formation  of,  from  lysin,  220. 
Caflfein,  effect  of,  in  beverages,  558. 
CafTeone  or  caffeol,  in  coffee,  548. 
Cake,  analysis  of,  740,  741. 
Calcium,    importance   of,    to   body,   264. 
Calcium    balance,    disturbance  of,    in   dis- 
eased conditions,  259. 
Calcium-containing     foods     with     content 

estimated,  265. 
Calories,  per  potmd.  per  gram,  American 

foods,  738-747. 
Camel,  as  food,  765. 
Candle  nuts,  508. 
Candv,  hard,  628. 
soft,  628. 
white,   627. 
Cane  sugar  group,  or  disaccharids.  87. 
Canned  food,  tin  and  lead  poisoning  from, 
685. 
zinc  found  in,  685. 
Cannibalism,  24,  766. 

anthropophagy,  in  the  New  World,  7W. 


Cannlnjr  of  foocK  silulUraikw  U,  fM. 

fruita,  (SK<|. 
nirat.  6H4. 
Vlifi'Ulilm.   »m4. 
C«nti>lou|H*,  A 1 3. 
<'«JMT,    »M2. 
(Mprnir  iici«|.  m». 
Caprvlir  nnd  mprir  arKl*.  9§, 
CnpfiicMiMi.  t\m. 
Carnniel,  622. 
Caraway  mfsl,  «47. 
CarlKtliydrNtm.  alMfirption  of.  IM. 

behavior  of  inti^tinal  wall  to,  !•§. 
couriM*  of.   in   iiratrtn,   iHd. 
diftnerharidii,   lN4t. 
in  Nt«miarh.   1H6. 

artioM  •■'  ■ ^ffiii.  221. 

<bi»«-it  f.   diMcrharida.   HZ. 

moil  U    H4. 

polvHHr.  Uoidal.  W. 

tetrMMtir.  -'♦. 

triKarcliaridM.  HU. 
com|Nmition  of,  fM. 
course  of.  in  nynttin.   IH5. 

by  fH>rtal  nyntem.  IK5. 
det(>rni)nation   of,   6©7. 
disacrharidM.  difTerpooe  of,  fitMB  aoMO* 
Harcharida,  87. 
lactone,  KH. 
maltoae,  88. 
saecharoiM*,  87. 
fermentation  of,    187. 
in  fruitH.  478. 
hydrolysis  of,   185. 
inversion  of,  in  amall  iniratine,  186. 
monosaccharids,  claaim  of,  84. 
he.vose«.  85. 
pent<>Re«,  85. 
tetros*"!*.  84. 
trioses,  84. 
nature  of,  84. 
percentage  of,  abaorlMti  from  dnr  Mib- 

Htanc«>K  in  varioua  forMln,  163. 
polysaccharids.  colloidal,  criluloae.  91. 
dextrin.  90. 
givcogen.  90. 
in'ulin.  92. 
lichenin,  91. 
maltodextrins.  91. 
pectone  bodies.  92. 
starch.  89. 
triHaccharids.  meIito«e,  89. 

meli/.itoi*^,  89. 
in    vegt'table    foods,    pectin    or    pcctoM 
bodies.  369. 
sUrch.  367. 
sugar,  367. 
Carbon  dioxid.  presence  of,  la  water.  HO, 
Cardaroon.  647. 
Carmotes.  305. 
Carob  beans.  493. 
Carotin.  101. 

Carrion,  as  food  of  Zulus.  775. 
CarroU,  eompositioD  of,  422,  424. 
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Carrots,  cultivation  of,  421. 

nutriment  of,  cooked  and  raw,  422. 
toxic  substances  contained  in,  658. 
Casein,  as  ejrg  substitute,  358. 

in  milk,  308. 
Caseinogen,  192. 
Cashew  nuts,  508. 
Cassia,  643. 

Catt^rpi liars,  as  food,  767. 
Cathartic  action,  of  May  apple,  661. 

of  persimmons,  661. 
Cathartics,  effect  of,  on  bacterial  popula- 
tion of  intestines,  229. 
Catnip,  medicinal  action  of,  658. 

medicinal  nature  of  oil  of,  661. 
Cats,  as  food,  765. 
Cauliflower.  434. 
Cavia,  as  f(X)d,  765. 
Cayenne  pepper,  646. 
Cecum,  bacterial  activity  in,  228. 

digestion  in,  167. 
Celeriac,  427. 
Celery,  435. 

toxic  substances  contained  in,  658. 
Celery  salt,  435. 
CelerV  seed.  648. 
Cellulose,  91. 

as  covering  of  starch  granules,  369. 

as  factor  in  digestion  and  absorption  of 
vegetables,  372. 
Cereal  breakfast  foods,  cost  of,  406. 

differences  in  composition  of,  408. 

importance  of,  404. 

prepared,  409. 

ready  to  eat,  cost  of,  406. 
manufacture  of,  406. 

sold  in  bulk  and  in  packages,  408. 

total  nutrients  and  fuel  value  of,  407, 
408. 

uncooked  and  partially  cooked,  405. 
Cereal    coffee    infusion,    average    chemical 

composition  of,  757. 
Cereals,  average  chemical  composition  of, 
729-734. 

barley,  401. 

bread,  384. 

buckwheat,  404. 

comparative  cost  of  nutrients  and  energy 
in  flours  and,  394. 

composition  of  flour  and  of,  376. 

corn,  .392. 

flour,  380. 

(grass)    and  other,  most  important  of, 
376. 

kaoling,  403. 

millet.  401. 

oats,  398. 

origin  of,  375. 

proso  millet,  402. 

quinoa,  403. 

rice,  389. 

rve,  400. 

wheat.  376. 
Chamomile,  medicinal  action  of,  658. 


Champagne,  597. 
Chartreuse,  589. 
Cheese,  341. 

average  chemical  composition  of,  726. 
comparative  food  value  of  different  va- 
rieties of,  344,  345. 
cooked,  344. 

Emmenthal       or       Gruyere       (Swiss 

cheese),  345. 
Parmesan,  345. 
cottage   (pot  or  green  cheese),  343. 
cream,  chemical  composition  of,  as  com- 
pared with  eggs,  milk,  beefsteak, 
and  white  bread,  354. 
digestive  qualities  and  nutritive  value 

of,  347. 
flavor  of  different  varieties  of,  346. 
fresh,  344. 

fuel  or  caloric  value  of,  348. 
general  chemistry"  of,  346. 
hard,  344. 
Cheddar,  344. 
Gorgonzola,  344. 
Roquefort,  344. 
Stilton,  344. 
making  of,   342. 

manufacture  of,  in  America,  349. 
nutritive   value   and  digestive  qualities 

of,  347. 
origin  and  mode  of  manufacture  of,  241. 
percentage  composition  of  different  va- 
rieties of,  346. 
skim  milk,  344. 
Cheshire,  345. 
Edam,   345. 
Gloucester,  345. 
soft.  Brie,  344. 
Camembert,  343. 
English  cream,  343. 
Limburger,  344. 
Neufchatel,  343. 
subjection  of,  to  moulds   and  resulting 

flavor,  349. 
use  of,  347. 

of,  in  invalid  diet,  348. 
varieties  of,  cooked,  345. 
hard,  344. 
skim-milk,  345. 
soft,  343. 
Cheese  poisoning,  671. 
Chemical   composition  of  American  foods 

(tables),  738-747. 
Chemical  constituents  of  body  and  of  food, 
52. 
proximate  principles,  54. 
Chemical  test  of  food  value,  57. 
Chemistry   and    physiology,   of    digestion, 
52. 
of  proximate  principles  of  food,  63. 
Cherry,  484. 

composition  of,  484. 
maraschino,  484. 
Surinam  or  Barbadoes,  491. 
Cherry  bounce,  484. 
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Cherry  brandy,  484. 

Cherry  laurel  leaves,  642. 

Cherry     pitH,     hydrocyanic     acid     yiehhui 

from,  058. 
Chestnuts,  508. 

Chick-pea  vetch,  poisoning  due  to,  075. 
Chicken,  digestibility  of,  290. 
llesh  of,  2W7. 
varieties   of,  297. 
Chickory,  438. 
Chinquapin  nuts,  508. 
Chlorids,   in   water,  242. 
Chlorin,  presence  of,  in  foods,  273. 
Chlorin-containing     foods,     with     content 

estimated,  273. 
Chlorins,  in  water,  242. 
Chlorophyll,    101. 

Chocolate,  source  and  preparation  of,  55.1. 
Cholera  germs,  in  wat«'r,  243. 
Chop,    chemical    composition    of,    in   com- 
parison  with  poultry,  298. 
Chromoproteins,  80. 
Cica  of  maize,  31. 
Cicada,  as  food,  767. 

Cider,  American  varieties  of,  analyses  of, 
604. 
composition  of,  603. 
definition  and  manufacture  of,  002. 
Cider  or  apple  vinegar,  605. 
Cinnamon,  643. 

oil  of,  644. 
Citral,  94. 
Citric  acid,  96. 
Citron,  485,  512. 
Citrus  fruits.    See  Fruits,  Citrus. 
Clams,  307. 
Climate,  fruits  in  relation  to,  475. 

relation  of,  to  diet,  37. 
Cloudberry,  500. 
Cloves,  643. 

oil  of,  643. 
Coca,  physiological  action  of,  558. 

use  of,  558. 
Coca    erythroxylum,    alkaloid    cocain    de- 
rived from,  658. 
Cocain,  alkaloid,  plant  derived  from,  658. 
Cockatoos,  as  food,  772. 
Cocoa,  551. 

adulteration  of,  683. 

Brazilian,  or  guarana,  556. 

"Caracas,"  553. 

chocolate,  555. 

composition  of,  554. 

composition  of  commercial  varieties  of, 

554. 
"flake,"  553. 
prepared,  nutritive  and  sustaining  qual- 

itv  of,  555. 
"rock,"  553. 

toxic  substances  contained  in,  659. 
See  also  Cacao  Beans.  Cacao  Niba,  Cacao 
Shells  and  Cacao  Tree. 
Cocoanuts,  494,  509. 
parts  of,  470. 


CocoanuU.  aa  aoure*  of  Ut,  470. 

<'(M'OHnut  oil,  47o 
C«mI  liviT  oil.  4«7 
Coffti'.  ndiiltrration  c.f,  i:,|.  cjhj. 
annual  rrop  ..f,  55 j. 
Braxilinn,  5-17. 
Ceylon,  547. 
componition  of,  54«. 

raw  and  roaaUd,  ft40. 
extractii  and  cmmmw  oI.  SSI. 
Jamaica,  447, 
Java,  546. 
AfiK^ha,  Bit, 
Mv«ore.  546, 
oil  of.  5A9. 

origin  niid  cultiratioti  pf,  §41. 
prepMration  of.  for  tlrinkinir.  S4t. 
di'OK'tion,  S.*!!, 

in  Knffland  and  TniUd  SUU«,  UO. 
French  m«*thod,  560. 
infuHJon.  TkiO. 
percolation,  550. 
Turkinh    method,   551. 
Vienna  method,  550. 
roaflting  of.  547. 
subHtitutiii  for.  551. 
toxic  NubHiiinre4  contained  la,  68t. 
treatment  of  lM>an«,  545. 
varietiea  of.  540. 
Coffee  tree,  545. 
Cold  slaw,  652. 
Cold    storage,   preaenration  of   fniiU  W, 

515. 
Collagen.  278. 

Col  lard  pecari,  as  food,  765. 
Colon,  ascending.  115. 
descending,  115. 
sigmoid.  115. 
transverse,  115. 
Condiments,  603. 
action  of    639. 
on  food,  27. 
average  chemical   eompoaitioo   of,   751. 
from  barks,  caaaia,  643. 

cinnamon,  643. 
from  buds  and  flowera,  caper.  642. 
cloves,  643. 
saffron.  643. 
for  children  and  young  people,  630. 
classes  of.  640. 
contra- indications  to.  639. 
as  food  of  precibiculturiAts,  27. 
history  of.  27. 

from  immature  and  ripe  fruit*.  alUpice, 
645. 
capsicum,  cayenne  pepper.  646. 
juniper  berries,  646. 
pepp«*r,  646. 
vanilla  bean.  647. 
from  roots  or  rootatalks.  garlic.  644. 
ginger.  644. 
horseradish.  645. 
aaasafraa,  645. 
turmeric,  644. 
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Condiments,  from  seeds,  anise,  647. 

caraway  seed,  047 

cardamon,  647. 

celery  seed,  648. 

coriander   seeds,  648. 

cumin  seed,  648. 

dill  seed,  648. 

fennel  seed,  648. 

grains  of  paradise,  648. 

mustard,  648. 

nutmeg,  640. 

tonka    bean,  648. 
sources  of,  640. 
from  stems  and  leaves,  bay  leaf,  640. 

cherrv  laurel  leaves,  642, 

fennel,  642. 

mace,  640. 

mint.  641. 

parsley,  642. 

peppermint,  641. 

sage,  640. 

spearmint,  641. 

summer  savory,  641. 

sweet  basil,  641. 

sweet  marjoram,  641. 

tarragon,  642. 

thyme,  642. 

wintergreen,  642. 

use  of  term,  638. 

value  of,  639. 
Confectionery,  adulteration  of,  628. 
hard  candy,  628. 
making  of*  627. 
materials  used  in,  627. 
products  included  under,  627. 
soft  candy,  628. 
sugar  drops,  627. 
white  candy,  627. 
Cookery,  development  of,  14. 

among  American  Indians,  20. 

boiling   of    water,   application   of,    to 
cookery,  20. 
history  of,  17. 

by  other  primitive  peoples,  21. 

underground  oven,  16. 

utilization  of  discovery  of  pottery,  19. 
discovery  of,  14. 
evolution  of,  14. 
fire  applied  to  meat,  15. 
systematic  use  of  fire,  14. 
Cooking  among  American  Indians,  20. 
of  eggs,  35.5. 
of  green  vegetables,  431. 
of  meat,  advantages  of,  15. 

evidences    of,    among   primitive    men, 
15. 
method  of,  used  by  other  primitive  peo- 
ples, 21. 
of  potato,  white,  412. 
of  vegetables,  16. 
Copper,  in  preserved  food.  685. 
Coriander,  toxic  substances  contained  in, 

6.58. 
Coriander  seeds.  648. 


Cormorant,  as  food,  766. 
Corn,  analyses  of,  394. 

average    composition    of    corn    products 
and,  395. 

as  cause  of  pellagra,  396,  659. 

composition  of,  average,  395. 

composition  of  cooked   preparations   of, 
and  wheat  bread,  398. 

fuel  value  of,  395. 

green,  398. 

history  of,  392. 

milling  of,  394. 

normal  crop  of,  396. 

parts  of  grain  of,  392. 

rank  of,  as  food  grain,  392. 

subject  to  smut  before  ripening,  661. 

varieties  of,  393. 
Corn  breads  and  puddings,  397. 
Corn  meal,  396. 

action  of  cooking  on,  397. 

white  and  yellow,  397. 
Corn  meal  mush,  397. 
Corn  oil,  471. 

Corn    products,    average    composition    of 
corn  and,  395. 

spoiling  of,  396. 
Cottonseed  oil,  470. 
Cow's  milk,  chief  protein  of,  or  casseino- 

gen,  192. 
Crabs,  304. 
Crackers,  analysis  of,  738,  739. 

average  chemical  composition  of,  734. 
Cranberry,  502. 
Crane,  as  food,  766. 
Crataegus,  medicinal  action  of,  658. 
Cream,  Devonshire,  336. 

formation  of,  335. 
Creme  de  menthe,  590. 
Crocodile,  as  food,  766. 
Crystalloids,  osmotic  pressure  exerted  by, 

206. 
Cuckoo,  as  food,  766. 
Cucumbers,  512. 

toxic  substances  contained  in,  659. 
Cumin  seed,  648. 
Curacoa,  590. 
Currants,  498,  501. 
Custard  apple,  490. 
Cuttlefish,  as  food,  767. 
Cyclic  alcohols,  93. 


Dahlias,  426. 
Dandelions,  438. 
Dasheen,  428. 

composition  of,  415. 
Date  palm  wine,  494. 
Dates,  493. 
Deaminization,  72. 
Decomposed  flesh,  as  food,  of  Zulus,  775. 


INDKX 


791 


Deficiency   diseases.    nvit«iiiinom*«.    HMO. 
berilxri,  «4,  079. 
due  to  lack  of  vitaiiiin«i  in  milk,  310. 

317. 
pellagra,  64,  676. 
scurvy,  64. 
Deglutition,   act  of,    126. 
inhibitory  intlumcc  of,  128. 
muscular  nature  of  act  of,  127. 
sUigos  of,  126. 

variation  in  act  of.  in  diffi-rrnt  animnlii 

and    with    ditftTfut   cunHiHt(>nci«*ii 

of  fo.><i.    127. 

Desiccated    cg^'s.    .'{56. 

Dt»8iccated    Milk,   ;i24. 

eonipoaition  of,  ,'125. 

composition   of  casein   and   dried   milk, 
preparations,  nutrients,  per  cent, 
325. 
methods  of  making,  324. 
use  of,  325. 
Desiccated  potato,  412. 
Dewberry,   500. 
Dextrin,  90. 
Dextrose,  85. 
Diabetic    sugar,    85. 
Dialysis,  and  absorption,  204. 

definition  of,  204. 
Diarrhea   worm,   667. 
Diarrheal    diseases,    in    bottle-fed    babies, 

688. 

Diet,  classes  of  mammalia  in  r^ard  to,  1. 

carnivora,  2. 

frugivora,  2. 

herbivora,  2. 

evolution    of,   See   Evolution    of    Man's 

Diet, 
imperfectly    balanced,    diseases   due    to, 

664. 
infant's,  relation  of  proteins  to,  190. 
modifications  due  to,  40. 
of  North  American  Indians,  22. 
of  precibiculturists,  21. 
of  primates  below  man,  5. 
of  primitive  man.   2. 
supposed  and  actual,  4. 
See  also  Food  of  Evolving  Man. 
relation  of  climate  to,  37. 
seasonal   variation   in    40. 
Diet  epochs,  cibicultural,  .32. 

domestication  of  animals,  32. 
introduction  of  agriculture,  33. 
relation  of  climate  to  diet,  37. 
seasonal  variation  in,  40. 
precibicultural   cookery    period,    13. 
development   of  cookery,    14. 
early  preparation  of  food,  13, 
preservative  methods,   13. 
precookery,    10. 

homosimian   period,   10. 
diet  of,  12. 

earliest  weapons  of  man,  11. 
early  hunting   period,   10. 
later  hunting  period,  12. 


10. 
DirUry  i>xrrllmc«.  atUlnmrtil  of  armr  o|. 

60. 
Dirtrtie  •rrons  MOalMr  4liMU»,  MS. 

ndultrriitrtl  fiHids,  Ml. 

f<MMU  cfintaininff   micmKirymalMM.  MT. 

fooda  oont •» -    in%. 


i  dirt, 


foodi  f*»n« 


j.h.l  J. 

DilfiiH.-  jiiuiii  % ,   . 
Diirimiiin   niid  iil> 
definition  of.  2tj;. 
lawM  of,  205. 

physiologiral  importance  of.  9ff!,  tOft. 
Digestibility,  of  br^sd.  387. 

of  food,   phvNiologiral  tent  of.   Iflt 

quantity  'and    i|uaHty    higwtMl,    Kl. 
of   green    vegetables,   431. 

c<N)ked.  433. 

raw.   4.38. 
of  meatH.  286. 
of   sugar,    03 1,   034. 
of  sweet  pot«toe<%,  414. 
Digestion,   abNorption   of    food.     Am   A^ 
sorption, 
action  of  malt  liquors  on,  666. 
action  of  water  on.  620. 
actual  courH<>  of,  in  eeaam,  167. 

in   duodenum.   166. 

actual   courite   of,   experiniMiiA   allow- 
ing, 164. 

in  ileum.   167. 

lower  intestinal,  166. 

in  {>tomach,  164. 
agents  of  chemical  chuifea  in,  tmiiuta, 
146. 

ferments,    145. 
a>;ents  ctmdueive  to,  121. 
aid  of     water  in.  249.  250. 
aim  of,   107. 
of   butter,  465. 
in  cecum,  167. 
changes   of  organs  of,   in  erolotkm  <^ 

man.  43. 
chemical  clianges  occurring  in.  146. 
chemistry  and  physiology  of,  62. 
disturbing  effect  of  sugar  on,  634. 
duodenal,   166. 
effect  of  alcohol  upon.  674. 
effect  of  liqueurs  on.  591. 
effect  of  wines  on,  600. 
as  essential  factor  in  life,  107. 
of  faU.  450. 
of  fruit*.  479. 
of  fungi.  451. 
gastric.   156. 

course  of.  104. 

problem  of^  166.  156. 
in  ileum.  167. 
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Digestion,  limitation  of  powers  of,  133. 
in  lower  intestines,  ItJG. 
natural  divisions  of  process  of,   116. 
overtaxing  of  powers  of,  133. 
processes  of,  absorption  of  food,  141. 
bacterial   activity   in,  213. 
bacterial  decomposition  of  food  in  gas- 

tro-intestinal  tract  during,  211. 
deglutition,    126. 
enzymatic,  146. 
fermentation,   145. 
insalivation,  123. 

maceration  of  food  in  stomach,  134, 
mastication  of  food,   121. 
movements  of  stomach,   134. 
nerve  action   in,  128, 
physiology  of  enzymes  and  hormones 

as  applied  in,  145, 
protective  system   in,   132. 
regulation   of   temperature,   in    stom- 
ach, 140, 
secretion     and     action     of     digestive 

juices,  129. 
sterilization  of  food  in  stomach,  140. 
stomach  as  a  reservoir  for  chymifica- 
tion  of  food,  133. 
of  rice,  390. 
varying  faculty  of,  in  man's  evolution, 

40. 
of  vegetable  foods,  ?71. 
Digestive  apparatus,  108, 
glands  of,  115, 

glandular   organs  of,  gall-bladder,   119. 
liver,   118. 

pancreatic  gland,  117. 
salivary  glands,   116. 
spleen,'  118. 
See  also  Alimentary  Tract. 
Digestive  glands,   115. 
Digestive  juices,  correlation   of  functions 
of   body    by   chemical    action   of, 
132. 
saliva,  129. 

secretion  and  action  of,  129. 
of  stomach  and  intestine,  secretion,  130. 
Digestive  organs,  absorptive  power  of,  in 
large  intestine,  174. 
in  small  intestine,  169. 
in  stomach,  163. 
evolution  of,  summary  of,  in  connection 

with  evolution  of  teeth,  47. 
number  of,  in  higher  grades  of  animal 
life,  107. 
Digestive  processes,  functions  of  stomach, 

133. 
Dill,  toxic  substances  contained  in,  668. 
Dill  8ee<l,  648. 

Diphtheria  bacilli,  in  milk,  688. 
Disaecharids,  610, 
classes  of,  lactose,  88. 
maltose,  88. 
saccharose,  87. 
difference  of,  from  monosaccharids,  87. 
Distillation  of  water,  245. 


Dogs,  as  food,  767. 
Domestication  of  animals,  32. 
Drinking  water.     See  Water,  Drinking  of. 
Ducks,  flesh  of,  299. 

varieties  of,  298. 

wild,  299. 
Dugong,  as  food,  767. 
Duodenal  digestion,   166. 
Duodenum,  anatomy  of,  113. 
Dysentery,  chronic,  due  to  ameba  coli,  665. 


E 


Earth  eating,  767. 

Earth  hog,  as  food,  768. 

Eating,  purpose  of,  232. 

Economic  test  of  food  value,  60. 

Eczema,  due  to  sugar,  632. 

Edible  portion  of  food,  definition  of,  695. 

Egg  candling  chart,  352. 

Eggplant,  513. 

toxic  substances  contained  in,  661. 
Egg  products,  356, 
desiccated  eggs,  356, 
ova,  356. 

pidan — Chinese  preserved  eggs,  358. 
Eggs,    appearance    of   different   grades   of 
before  the  candle,  350, 
average  chemical  composition  of,  725, 
chemical   composition    of,    as    compared 
with      milk,      beeksteak,      cream 
cheese,  and  white  bread,  354, 
chemical  composition  of  whole  egg,  egg 
white,   egg   yolk,    desiccated   egg, 
and  egg  substitute,  357. 
comparative    nutritive    value    of    meat 

and,  355. 
as  complete  food,  351. 
composition  of,  351. 

general  percentage,  of  white  and  yolk 

of,  353, 
of  white,  353, 
of  yolk,   353, 
cooking  of,  355. 
desiccated,  356. 
digestibility  of,  355. 
edible,  varieties  of,  349. 
energy  properties   of,  356. 
preservation   of,  356. 
preserved,  Chinese,  358. 
varieties  of,  349. 
white  of,  352. 
yolk  of,  353. 
Egg  substitutes,  356. 

casein,  358. 
Elastin,  278, 
Elderberry,  499, 

active  principle  of,  659, 
Elementary  composition,  of  human  body, 

53. 
Elements,  and  their  compounds,  53. 
found  in  human  body,  52. 
necessary  to  value  of  foodstuffs,  53. 
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Klpphant.  HH  fiKxl,  767. 
KIk.  as  f(MMl.  767. 
Kndive,   r.il. 
KntorokiiuiHr,  158. 

aotivatinj?  functioni*  of.  IftH. 
Enzymatic    pnuM'SMOH,    rHurntial    fartu,    rr 
gartlin^r,  talMilation  of,   147. 
nature  of.   Mil. 
reverHibility,    IfiO. 
apecilic  action,   15(1. 
temperature  control,  160. 
Enzymes,  65. 
action  of,   147. 
specific,  160. 
of  hormonen:   secretin  hm<I  iraHtrin. 

15.1. 
of  pepsin,  15.3. 
of  trypsin.  1,V2. 
active  and  inactive,  147. 
amylolytic,  148. 
amylase,   157. 
classification  of,  according  to  activitv, 

148. 
coagulating,   148. 
fat-splitting,   148. 

lipase,    157. 
hormones,  secretin  and  gastrin.  15.3. 
interaction  of,  in  succus  entericus.  158. 
lipolytic,    148. 

list  of,  concerned  in  processes  of  diges- 
tion and  nutrition,  149. 
oxidizing,   148. 
peptolytic,   148. 
proteolytic,  148. 
enterokinase,  158. 
pepsin,   153. 
trypsin,   152. 
stimulation   and    action   of,   during   in- 

salivation,    124. 
sugar-splitting  or  inverting,  148. 

invertase,    157. 
temperature  of  action  of,  150. 
transformation  by,  of  purin  bodies,  82. 
Erepsin,   158. 

Ergot,  source  of  fluid  extract  of,  661. 
Ergotism,  674. 

convulsive  and  gangrenous,  674. 
differentiated      from       erythromelalgia, 
Ravnaud's  disease  or   acrod^'nia, 
675. 
epidemics  of,  674. 
symptoms  of.  674. 

test  for  detecting  presence  of,  in  flour, 
675. 
Erucic  acid,  99. 
Ervthromelalgia,   simulated   by   ergotism, 

675. 
Esophagus,  anatomy  of.  110. 
Esters,  definition  of.  96. 

glycerin,   of  oils  and  fats,  acids  enter- 
ing into  formation  of,  98,  99. 
natural  and  artificial,  97. 
phospho.     See  Phospho  Esters, 
of  sterols  and  fatty  acids,  of  waxes,  99. 


w^  fIrUI  nmton,  »7. 

Kihvl  ill 

Kvolutioti  ..(  ttiMn,  in  bfjdlljr  ilniatora  mmd 
tuiwiUm,  Hi. 
trtm  an  jrlmrml  mnermUtr,  it, 
of  diict^tivr  uru»nm,  4J. 
due  to  variation*  in  iJI«4,  40. 
mamnmrv.  diir  to  artlMll  1m4im  •! 
chililrrn.  4H. 
dklHIr  ailvanrr  in.  9. 
digCitlvr  oritana  in.  43. 
and  rtdithii.  H. 

Influence  on.  of  dicUr>  •vohKJoa,  40. 
from  primatra.  «. 

in  nhnfH'  and  dinrtlopwt  of  akian.  9. 
teeth  in.  45. 
Evolution  of  man'*  diet,  with  rkai^iM  la 
b*»dily  atructure  and  funrfki*,  40. 
diet  eiKx»ha,  8. 

diet  of  prinuitea  helnw  *«•«  i. 
evolution  of  digentive  ornuM  aiid,  43. 
evolution  of  teHh  and,  mT^ 
food  of  evolving  man,  2. 
general  advancea  in.  0. 
influence    of    culti«'ation    of    BUtrit«v« 

properties  of   vegrtahlr*.  ». 
influence  of,  on  general  evoliitifia.  I. 
influencing  factom  in.  7. 
Evolution  of  teeth.  46. 
Excretions,  mineral  content  of,  256. 
Excretory  organs,  effect  of  aleoliol  o«.  Ml. 
Extract,  beef,  287. 

meat,  287. 
Extractives,  of  meat,  280. 


Fata,  absorption  of,  160. 

extent  of,  182. 

function  of  leukoc^ies  in,  181. 

in  large  intestine,'  176. 

lost  fraction  in,  181. 

manner  of,  178. 

mechanism  of,   178. 

part   played    by   bile   and    paoervatie 
juice  in  pr*»ceae  of,  180. 

processes  involved   in.  183. 

in  rectal   feeding.  176. 

theories  of,   178. 
animal.     See  Animal  Pats. 
assimilation  of,  469. 
characteristics  of.  97. 

chemical.  468. 
common  forms  of.  469. 
dependence  of  musetilar  action  on,  400. 
desaturation  of,  179. 
eaten  in  excess  of  daily  rM|airemeala, 

179. 
as  esters  of  triatomie  alcolwl  gljreeria. 

97. 
-fatty**  or  -i»d  ollT  or  "olla,-  97. 
fish.  467. 
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FatB,  importance  of,  459. 
to  health,  460. 

of  meat,  278. 

in  milk,  308. 

natural  glycerids  contained  in,  98. 

neutral,   170. 

V8.  oils,  460. 

occurrence  of,  97. 

solubility  of,  97. 

sources  of,  457. 

storage,  179. 

use  of  term,  and  examples  of,  697. 

in  vegetable  f(X)d8,  370. 

volatile  or  essential  oils,  97. 
Fats  and  oils,  animal.     See  Animal  Fats. 

classes  of,  457. 

economv  of,  461. 

fixed,  457. 

substancts  of.  457. 

uses  of,  summarized,  472. 

vegetable.    See  Vegetable  Fats  and  Oils. 
Fatty  bodies,  458. 

fluid  and  solid,  458. 
Feces,  mineral  content  of,  257. 
Fennel,  642. 
Fennel  seed,  648. 

Fermentation,  application  of,  to  the  "germ 
theory,"  146. 

of  carbohydrates,  187. 

of  malt,  561. 

in  process  of  digestion,  145. 

of  wines,  595. 
Fermented  liquors,  as  beverages  of  preci- 

biculturists,  31. 
Ferments,  characteristics  of,  146. 

definition  of,   145. 
Ferruginous  salts,  importance  of,  to  body, 

264. 
Fertilizers,  use  of,  among  early  Indians, 

36. 
Fig,  cultivation  of,  488. 

description  of,  487. 

fertilization  of,  488. 

nutriment  of,  dried  and  fresh,  489. 
Filberts,  509. 
Filtration,  and  absorption,  207. 

definition  of,  207. 
Fire,  applied  to  meat,  15. 

systematic  use  of,  14. 
Fish,    average    chemical    composition    of, 
cooked,  723. 
fresh  fish,  720-723. 
preserved  and  canned,  723. 

comparative  cost  of  nutrients  and  en- 
ergy in,  282. 

comparative  value  of  meat  and,  304. 

cookM,  analysis  of,  302. 

cooked    (boiied),  analysis  of,  as  served 
at  table  301. 

and  disease,  302. 
.    ile«h  of,  300. 

as  food  of  precibiculturists,  26. 

mort  digestible  of,   301. 

preservation  of,  300,  303. 


Fish,  produced  in  America,  303. 
shell.     See  Shellfish, 
use  of,  300. 

as  food  in  coast  countries,  302. 
as  invalid  food,  301. 
as  seasonable  food,  300. 
Fish  fats,  467. 

codliver  oil,  467. 
Fish  poisoning,  670. 
Fish  roe,  value  of,  303. 
Fish  tapeworm,  666. 
Flavors,  fruit,  97. 
imitation,  97. 
Flesh,  decomposed,  as  food  of  Zulus,  775. 
Flies,  infection  of  food  by,  689. 
Flour,  best  for  food,  381. 

comparative   cost   of   nutrients  and   en- 
ergy in  cereals  and,  394. 
composition   of  cereals   and,   376. 
methods  of  making,  modern   process  of 
milling   wheat,    or    patent    roller 
process,  380. 
primitive,  380. 
probable  origin  of,  380. 
relative    composition   of  various   grades 

of,  381. 
relative  food   values   of  various  grades 

of,   381,   382. 
straight  run,  381. 
whole  wheat,  383. 
Flours,  meals,  etc.,  average  chemical  com- 
position of,   729-734. 
Fluorin,  presence  of,  in  body  and  in  foods, 

274. 
Food,  absorption  of,  141. 

role  of  white  blood  corpuscles  in,  293. 
adulterants  of,  682. 
adulterated,    and   adulterants,   table   of, 

686,    687. 
adulteration  of,  681,  683. 
amount  of  actual  nutrients  obtained  in, 

chart  of,  59. 
animal.     See  Animal  Food, 
appetizing  of,  by  condiments,  27. 
arsenic  introduced  into,  686. 
azotized,  55. 
canning  of,  684. 
chemical  constituents  of  body  and,  52. 

classification  of  food,  55. 
chemistry  and  physiology  of  proximate 

principles  of,  63. 
complete,  eggs  and  milk,  351. 
definition  of,  232,  638. 
digestibility    of,    physiological    test    of, 
162. 
quantity  and  quality  ingested,  161. 
early  preparation  of,  13. 
elements  of,  234. 
function  of  water  as,  248. 
idiosyncrasies  regarding,  690. 
imperfectly  balanced,  664. 
infected,  meat,  688. 
milk,   687. 
oysters,   689. 
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Food,  infection  of,  by  flim,  6S0. 
by  otluT  p«iiw>nii,  073. 
by  purjiHitt'H,  ««5. 
by    ptomaiiiH.  lUW. 
insalivation  (if,  123. 
iiLMilluMriit.  (liM'HHOH  cauMsi  by,  IMl.'l. 
niaciTution  of.  in  stomach,  134. 
maHtioatiiin  of,  121. 
niiniTal  cont^'nt  of,  208. 
broinin.  274. 
calcium,   2U5. 
cbloriii,   273. 
Huorin  and  silica,  274. 
i(Kiin,  273. 
iron.  2(H1. 
n)a^tu>Hiinn,  205. 
nianj;aiu'si»,  275, 
oxalic  acid.  274. 
pbospborus,  271. 
potasiuni,  20J). 
sodium,  20 J). 
Hulpbur,  272. 
misbranding;  of,  081. 
of  Nortir  American  Indians,  22. 
nutritive  constituents  of   tissue  formers, 

50. 
overburdening  digestive  powers  of  stom- 
ach with,   133. 
overeating,  003. 
parasites  found  in,  005. 
perfect,    conditions    to    be   fulfilled    bv. 

313. 
of  precibiculturists,  21. 
preservatives  of.  084. 
preservative    methods    for,    among    In- 
dians,   13. 
proximate  principles  of,  54. 
carbohydrates,  84. 
chemistry  and  physiology  of,  63. 
hydrocarbons.  92. 
inorganic  salts,  102. 
proteins,  01. 
table  of,  70,  77. 
water,  103. 
purpose  of  eating,  232. 
quantity  and  quality  of,  ingested,  101. 
raw,  tapeworm  due*  to,  000. 
salt  content  of,  258. 
sterilization  of,  in  stomach,  140. 
vitamines  in,  04. 

waste   of,   by   use   of  too   much   at    one 
meal,*  133. 
chiefly  aff"ecting  proteins,  133. 
Food  analysis,  method  of  arriving  at.  000. 
Food  analysis  tables,  explanation  of  terms 
used  in.  005. 
sources  and  methods  of  computing,  694. 

historical  aspect  of.  004. 
terms    used    in.      dee    F<K)d    Materials. 
composition  of. 
Food    materials,    average    chemical   com- 
position of.  animal  and  vegetable 
foods,  unclassified,  768. 
beef,  canned,  707. 
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Food  maUrUk  air»ra«v  oiMaical 
liMof.  bwf7     " 


nil  •oMjiQ^- 


brrni», 
brrad.  • 
huf 
bill 

'*'  .M.i*»o«,  7S7. 

734. 

i-^K-tm  iin«i   rbor«iUt#,  767. 
ciimlimrnti,   7.M. 


IS: 


fr  -* 

I 

flt'Ul     . 

frogs'  I. 
fniitii.  . 

driftl.  7...; 

fr*i»b.   T.'iJ 
ganip,  7!  ' 
nanh,  7  ' 

infantn'  .itKi  nMiUKi^    ^mmIb.  750. 
jellieM,  754. 
lamb,  711. 
m«*at  prcMlucts.  728. 
milk  und  milk  produeta.  72C. 
mincemeat,   759. 
mutton,  canned,  713. 

fresh.  712. 
nuti*.  755. 
pickles,  751. 
pork,  canned,  718, 

frenh.   713. 

organs  of,  716. 

pickled,  8alt4>d  and  smoked.  717. 

sausage.  718. 
poultry,  719. 
preserves,  754. 
salad,  759. 
sandwich.  759. 
shellfish,  canned.  725. 

fresh.   724. 
soups.  758. 
veal,  fresh.  709. 
veal  organs,  711. 
vegetable    and    animal,    mrlaaaiied. 

758. 
yeast,  eompreaaed.  757. 
composition  of,  ash  or  mineral  valrra, 
697. 
carbohydrates,  697. 
edible  portion.  695. 
faU.  697. 
fuel  value,  607. 
protein,  696. 
refuiie.  695. 
Food  metabolism,  relation  of  bact«>rial  ar- 

Uvity  to.  212. 
Food  of  evolving  man.  animal.  2. 
factors  determining  choice  of.  7. 
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Food  of  evolving  man,  vegetable,  2. 
fruits,  2. 
roots,  3. 

roots  eaten  by  North  American   In- 
dians, 3. 
seeds,  2. 
Food  poisons,  662. 
Food  principles,  64. 
Foods,  classification  of,  232. 
nitrogenous,  55,  231. 
non-nitrogenous,  55. 
classification    of    nutritive    constituents 

of,  56. 
comparison  of  fuel   value  and   cost  of, 

315. 
containing  micro-organisms,  687. 
containing  ptomains,  668. 
containing  vitamines,  235. 
fats  and  oils,  457. 
as  mixtures  of  foodstuffs,  234. 
percentage    composition    of    milk,    milk 

products  and   some  other,  329. 
respiratory  or  calorifacient,  55. 
vegetable.     See  Vegetable  Foods. 
Foodstuffs,  233. 

"accessorv  substances"  of,  234. 
adulterat^ion  of,  681,  683. 
constructive,  233. 

containing  toxic  or  medicinal  substances, 
alphabetically  arranged,  657-662. 
chamomile,  658. 
peppermint,  658. 
elements  of,  234. 
necessary  to  value  of,  53. 
and  vitamines,  234. 
Food  value,  tests  of,  57. 
chemical,  57. 
economic,  60. 
physical,  57. 
physiological,   60. 
Foot    and    mouth    disease,    infected    milk 

from  cattle  with,  672. 
Formaldehyd,  as  food  preservative,  685. 
Formic  acid,  95. 

Fowls,    average   chemical   composition    of, 
719. 
chemical  composition  of,  in  comparison 

with  steak  and  chops,  298. 
domestic,  296. 
chicken,  296. 
ducks,  298. 
geese,  298. 
guinea  fowls,  299. 
peafowl,  297. 
pigeons,  299. 
turkey,  297. 
unusual,  sometimes  used  for  food.    See 

Animal  Food,  Unusual, 
wild,  299. 

danger  of  "hanging,"  299. 
meat  of,  299. 
FrogR,  as  foo<l,  768. 
Fro|r»*  legs,  305. 

Average  chemical  composition  of,  724. 


Fructose,  86. 

Fruits,  absorption  of,  479. 

ampelidaceous  or  vine,  currants,  498. 

grapes,  496. 
anacardiaceous,  mango  fruit,  492. 

mango  chutney,  492. 
anonaceous,  custard  apple,  490. 

papaw,  490. 

pawpaw,  490. 

sour  apple,  489. 

sugar  apple,  490. 
average  chemical  composition  of,  canned, 
754. 

dried,  753. 

fresh,  752. 
berries,  498. 

barberry,  499* 

blackberry,   499. 

blue-berry,  whortleberry,  or  bilberry, 
498. 

cloudberry,  500. 

cranberry,   502. 

currants,  501. 

dewberry,  500. 

elderberry,  499. 

gooseberry,  500. 

huckleberry,  499. 

loganberry,  500. 

raspberry,  500. 

roebuck  berry,  500. 

service  berry,  499. 

strawberry,  501 
canning  of,  684. 
chemical  composition  of,  477. 

acid  and  carbohydrate  content  of,  478. 

acids,  477. 

carbohydrates,  478. 

varying  composition,  478. 
citrus,  citron,  485. 

description  and  varieties  of,  484. 

grapefruit,  487. 

kumquat,    487. 

lemon,  485. 

limes,  485. 

orange,  486. 

shaddock,  487, 
classification  of,  476. 
digestion  of,  479. 

dried,  proper  method  of  cooking,  482. 
drupaceous,  apricots,  483. 

cherry,  484. 

damsons,   482. 

peaches,  483. 

persimmon,  483. 

plums,  482. 

prunes,  482. 
ebenaceous,  persimmon,  492. 
fermented   liquors   from,   apple  brandy, 
585. 

apple  cider,  481. 

apricot  brandy,  586. 

blackberry  wine,  499. 

cherry  bounce,  484. 

cherry  brandy,  484. 
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l<ruits,    formpnttHl      liquom    from,    iM^rh 
brnndy,  483. 
perry,  481. 
garden,  r)12. 

eanteloiipo,  613. 
citron,  Ctl'*. 
cucuinlK»r,  612. 
eppplHiit,  613. 
gherkin.  61. 'J. 
nielonH,  613. 
muskmelon,  613. 
pumpkin,  614. 
sqnnHh.  614. 
vegotahU'  marrow,  614. 
watprnu'lon,  613. 
herb-like,  bananas,  602. 
pineapple,  .60.?. 
prickly  pear,  604. 
immature  or  ripe,  condimentu  from,  645. 
importance   of,   47» 
juices  of,  as   beverage  of  precibicultur- 

iats,  31. 
leguminous,  St.  John's  bread,  403. 

tamarind,  403. 
miscellaneous  tree,  alligator  pear,  495. 
mammee  apple,  490. 
olives,  404. 
pomegranate,  496. 
moraceous,  bread  fruit,  480. 
fig,  487. 
mulberry,  480. 
myrtaceous,  guava,   401. 
rose  apple.  401. 
Surinam  cherry,  401. 
palmaceous,  cocoanuts,  494. 

dates,  403. 
passifloreous,  498. 
pomaceous,  apples,  480. 
pears,  481. 
quince,  482. 
preservation  of.  by  cold  storage,  615. 
in  relation  to  climate,  476. 
sapotaceous,  mammee  sapota,  401. 
sapodilla,  401. 
star  apple.  402. 
tree,  anacardiaceous,  492. 
anonaceous,  489. 
citrus,  484. 
drupaceous,  482. 
ebenaceous,  492. 
leguminous,  493. 
miscellaneous,  494. 
myrtaceous,  491. 
palmaceous,  493. 
pomaceous,  480. 
.sapotaceous,  491. 
Fruits  and  berries,  as  food  of  precibicul- 

turists,  26. 
Fruit  sugar,  80. 
Fruit   transportation,   recent   progress   in, 

476. 
Fuel  value,  definition  and  determination 

of,  697. 
Fungi,  digestion  of,  461. 


KiiMi,  ediblr.  4411. 

bolftiui  rtliilU.  4M. 

eon|MwitU»n  of.  4411. 

|mieral  r(in«iilrratl«i|i  to 

Ilchmji,  •Ik^*'.  447. 

morel,  460. 

miubroon.  449. 
mmdow.  44». 

Mniaol,  449. 

inifliM,  449. 
Fungi  MMwerd.  ajpir  ajpir.  461. 
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obatTvv,  440. 


r2aliirto«4».  R«. 
Cialnototoxi 


vtr 


nnllbladder.  anatomy  of,   119. 
Oallic  acid.  06. 


06 

Game,   average   chemical   conpoiiltkia   of. 
710.  '^ 

big.  an  fcKKl  of  predbicultiiriaU,  U. 
danger  of  "hnnging,**  299. 
high.  200.  3m). 

infection  from,  due  to  food  upon  which 
animal  has  been  feedliif.  (S74. 
Game  birds.    See  Fowla,  wild. 
Garlic,  420,  644. 

active  principles  of,  660. 
Garden  fruits.     Hee  Fruits,  garden. 
Gases,  in  solution  in  water,  239. 
Gastric  digestion,  course  of,  164. 

problem  of,  156,  150. 
Gastric  juice,  analysis  of  oompoaition  of, 
131. 
juice,  excitation  of  aeeoodary  seerrtioa 

of,  156. 
excitation  of  secretion  of,  facioTi  ealer* 
ing  into,  156. 
by  hormones,   155. 
factors  in  secretion  of,  190. 
first  stimulus  of,  1.30. 
production  and  excitation  of,  factors  ro- 

tering  into,   1.56. 
quality   and    quantity   of  aecreUoii   of, 

131. 
steps  in  mechanism  of  seeretioM  of,  190. 
fJastrin.  66.  1.55. 
(iastro-intestinal    bacteriology.      Krr    Rac- 

teriology.   gastro-intewtinal. 
Gastrointestinal  tract,  of  newly  horn  in 
fant,  bacteriological  eonditioe  of, 
2-25. 
Geese,  flesh.of,  209. 
pflt^  de  foie  gras,  299. 
wild.  290. 
Gelatin,  analysis  and  fuel  value  of,  29S. 
chief  peculisrity  of,  294. 
composition  of.  203. 
percentage  of.  in  fish.  301. 
preparation  of.  203. 
purest  form  of,  294. 
"Germ  theory"*  of  diaeaae,  146. 
Gherkin.  513. 
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Gin,  definition  of,  587. 

fictitious,  587. 

Holland,  587. 

Irish,  587. 

"Old  Tom,"  587. 
Ginger,  preparation  of,  644. 

properties  of,  645. 
Ginger  beer,  568. 
(Jlands,  gall-bladder,  119. 

pancreatic,  117. 

salivary,  116. 

spleen,  118. 
Glandular  organs  of  digestion,  gall-blad- 
der, 119. 

liver,  118. 

pancreatic  gland,  117. 

salivary  glands,  166. 

spleen,    118. 
Gliadin,  in  wheat,  379. 
Globulins,  78. 
Glucoproteins,  80. 
Glueosaniin,  87. 
Glucose,  85. 

artificial,  627. 

definition  and  manufacture  of,  626. 

use  of,  626. 
Glucose  vinegar,  605. 
(ilutelins,  78. 
Gluten,  of  wheat,  378. 
Glutenin,  379. 

Glycerids,  unsaturated,  process  for  satura- 
ting, 459. 
Glyceryl  esters,  458. 

acids    entering    into    formation   of,   98, 
99. 
Glycin,  70. 

formula  of,  68. 
Glycocoll,  70. 
Glycogen,  90. 
Glycolipins.  100. 
Glycol  lie  acid,  95. 
Glycoproteins,  80. 
Glycosuria,  alimentary,  85. 
Goat  meat,  284. 
Gooseberry,  500. 
Grain.    See  Cereals. 
Grain  poisoning,  673. 

actinomycosis,  679. 

berilieri,  679. 
Grain  poisoning,  cause  of,  674. 

luninnsis,  or  lathyrism,  675. 

pellagra,  675. 

sitotoxisms,  or  ergotism,  674. 
Grain  whisky,  583. 
(drains  of  paVadisc,  648. 
(;ranadilla,  498. 
Grape  cure,  496. 
Grapefruit,  487, 

active  principles  of,  660. 
Grape  sugar,  or  dextrose,  85. 
Grape  sugar  group,  or  monosaccharids,  84. 
Grapes,  composition  of,  497. 

cultivation  of.  496. 

dried,  or  raising,  497. 


Grapes,  European,  and  attempts  to  grow 
in  United  States,  496. 

indigenous  to  America,  496. 

nourishing  and  therapeutic  value  of,  496. 

tannin  and  tartaric  acid  in,  659. 

utilization  of,  497. 
Grasshoppers,  as  food,  769. 
Green  vegetables,  430. 

artichoke  greens,  437. 

asparagus,  436. 

beans  and  peas,  439. 

celery,  435. 

chicory,  438. 

composition  of,   430,   431,  432. 

cooking  of,  431. 

dandelions,  438. 

digestibility  of,  431. 

cabbage,  433. 
cooked,  433. 
raw,  433. 

endive,  437. 

food  value  of,  430. 

greens,  or  "pot  herbs,"  439. 

lettuce,  435. 

okra,  438. 

peas  and  beans,  439. 

rhubarb.  435. 

shelled  beans,  439. 

sorrel,  438. 

spinach,  434. 

tomatoes,  437. 

turnip  tops,  439. 

water  cress,  436. 
Greens,  or  "pot  herbs,'  439. 
Ground  nuts,  509. 
Grubs,  as  food,  769. 
Guanidin,  83. 
Guarana,  composition  of,  557. 

fruit  of,  556. 

source  of,  556, 

therapeutic  use  of,  557. 
Guava,  491. 
Guinea  fowls,  299. 
Gull,  as  food,  769. 


Ham,  curing  of,  286. 

value  of,  285. 
Hare,  flesh  of,  286. 
Hash,    average    chemical    composition    of, 

759. 
Hazel  nuts,  509. 
Heart,  animal,  as  food,  295. 

effects  of  alcohol  upon,  570. 
Hedgehog,  &»  food,  769. 
Hekt,  31. 
Hexoses,  85. 
Hickory  nuts,  509. 
Hippophagy,  as  food,  769. 
Hippopotamus,  as  food,  770. 
Histidin,  formation  of  betaimidazoleethy- 
lamin  from,  220. 
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Histonn,  7ft. 

Hourhouiul,  iiiodicinal  nature  of  oil  or.lMll. 

Hoj,'  fat,  or  lard,  405. 
Ho;;s,  raiHinj?  of.  f«)r  jHirk,  286. 
Httlothuriai',  aM  fooil,  770. 
lloiiry.  adultorntion  of,  (M4. 
analysis  of,  (130. 
composition  of.  ($30. 
definition  of,  (J28. 
dt'soription  of,  (330. 
food  and  furl  vnluo  of,  029. 
as  food  of  pri>cibiculturiMtH,  27. 
poisoning  by,  vTrtthcnHl   from    {)oiiionoufi 

flowfra,  (J30. 
proiluction    of.    in    Tnit***!    iStatea,   and 

States  produein;;.  (131. 
therapeutic  value  of,  (J21». 
use  of,  in  place  of  sugar,  029. 
varieties  of,  (J31. 
Honey  bee,  methods  of  aiding  in  producing 
greater  amounts  of  honev,  031. 
value  of.  030. 
Hops,   as   a    hypnotic,   sedative   and  ana- 

phrodisiac,  059. 
Hormones,  05. 

characteristics  of,  as  chemical  measen- 

gers,   154. 
chemical  action  of,  155. 
gastrin,  05.  153. 
secretion,  05,  153. 
Horsertesh,  as  food,  280. 
Horseradish,  425,  045. 

sulpliur  compounds  of,  059. 
Huckleberry,  4ft9. 
Human  flesh,  as  food,  24. 
Hydrocarbons,  classification  of,  93. 
alcohols,  93. 
aldehyds,  94. 
benzoic  acid,  90. 
butyric  acid,  95. 
citric  acid.   90. 
cyclic  alcohols,  93. 
esters,  90. 
esters,  volatile,  97. 
gallic  acid,  90. 
glycoUic  acid,  95. 
lactic  acid,  95. 
malic  acid,  90. 
oils  and  fats,  97. 
organic  acids.  94. 
oxalic  acid,  95. 
phospho  esters,  100. 
salicylic  acid,  90. 
succinic  acid,  90. 
tannic  acid,  90. 
tartaric  acid,  90. 
terpcnes,  93. 
triatomic  alcohols,  93. 
waxes,  99. 
composition  of,  92. 
organic  acids,  acetic,  95. 

formic  acid,  95. 
percentage   of,  absorbed  from   dry   sub- 
stances in  various  foods,  103. 


TTvdroevasifl  Mid.  yhldtd  from  billrr  ml 
moiicla,  DfMli  and  thmrry  |>4U. 
6611.  '    "^ 

il^'driMm.  dulphurrttrd.  103. 

•eida  rMoNlaf  fron,  Itt. 
QjrpQfde  add,  99. 


Iceland  moM,  ««dl«l«Al  praMrtlw  M,  999. 
IdioayncranlM.  In  rrffard  to  food,  990. 

Iguana,  an  food.  770. 
Ileum,  digmtion  in.  167. 
Indol.  di-Hnition  of.  21H. 

format ifin  of,  from  tryptophaB.  21fl. 
Infanta,  ffaatro-lntcatinal  ImcUrlolmjr  la. 

Infant's  diet,  relation  of  fortlgB  pmtvlaa 

to,  190. 
Infants'  and  Invalids'  fooda,  awraft  dwai* 

ical  compoaiticm  of,  769. 
Inorganic  aalta,  102. 
Inorganic   substances  In  vegetable   foods, 

306. 
Inosit'*.  87. 
Inositol.  94. 
Insalivation.  act  of.  123. 

function  of  saliva  in   proc«i««  of  <ligr«- 

tion.  124. 
influence  of  temperature  on,  126. 
a  reflex  action,  126. 

stimulation  and  action  of  — igrmss  dar- 
ing, 124. 
Intestinal  digestion,   166. 
Intestine.   large,  absorbing  power  of,   179. 
absorption  in,  174. 
absorption  of  fata  in,  176. 
absorption  of  salt  in.  176. 
anatomy  of,  113. 
bacterial  activity  in,  229. 
coats  of,  115. 
small,  absorption  in,  169,  174. 
anatomy  of.  111. 
area  of.'  109. 
bacteriologj-  of,  227. 
duo<lenum.    113. 

inversi<m  of  carbohydrates  in,  186. 
jejunum.  113. 
Intestines,  digestive  juices  of,  130. 

uses  of  bile  in,  119. 
Inulin,  92. 

Invalid  diet,  use  of  cheese  ia,  948. 
Invertase.   157. 
Invert-sugar,  86. 
lodin,  in  foods,  273. 

percentage  of.  in  animal  foods,  273. 
in  fre*h  foods.  273. 
Iron,  in  animal  foods.  267. 
effect  of  habitual  consumption  of  foodt 

poor  in,  267. 
form!*  of,  266. 
importance  of,  to  bodjf  999. 
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Iron,  occurrence  of,  266. 

percentage  of,  in  dried  substances,  269. 
in  fresh  substances,  267. 
in  various  foods,  268. 
in  vegetable  foods,  267. 
sources  of,  266. 
Iron-containing   foods   with   content   esti- 
mated, 267,  268. 


Jejunum,  anatomy  of,  113. 
Jellies,  average  chemical   composition  of, 
754. 

meat,  293. 
Jerboa,  as  food,  770. 
Jerusalem  artichoke,  416. 

composition  of,  415. 
Juices  of  fruits,  as  beverage  of  precibicul- 

turists,  31. 
Juniper  berries,  646. 
Junket>  338. 


Kale  or  borecale,  434. 
Kalong,  as  food.  771. 
Kangaroos,  as  food,  771. 
Kaoling,  403. 
Kephir,  338. 

double  fermentation  in,  339. 
Kidneys,  animal,  as  food,  294. 
Kirschwasser,  590. 
Kohlrabi,  425. 
Kola,  composition  of,  556. 

increase  of  power  of  endurance  for  men- 
tal  and  physical  strain  by,  556. 

origin  of,  556. 
Kreptoxismus,  669. 
Kumiss,  338. 

double  fermentation  in,  339. 

making  of,  339,  340. 
Klimmel,  590. 
Kumquat,  487. 


Lactic  acid,  95. 

production  of,  from  milk,  331. 
Lactose,  88. 
Lamb,   average  chemical   composition   of, 

cut*  of,  701. 
as  food,  284. 
"spring,"  Canadian  goat  meat  sold  for. 

Lard,  285. 

adulteration  of,  683. 

grades  of,  466. 
I^thyrism.  675. 
Laurie  acid,  99. 


Lavender,  medicinal  nature  of  oil  of,  661. 
Lead  poisoning,  from  preserved  food,  685. 
Leben,  341. 
Lecithins,  100. 
Legumes,  absorption  of,  441. 
beans,  bolicohs,  444. 
broad,  444. 
butter,  444. 
kidney,  444. 
lima,  444. 
soy,  444. 
chemical  composition  of,   and  resulting 

utilization  of,  442. 
chief  nutrient  value  of,  441. 
dried,  441. 

composition  of,  443. 
flatulence  attributed  to,  443. 
lentils,  447. 
peas,  canned,  447. 
chick,  446. 
cow,  446. 
field,  445. 
garden,  446. 
peculiar  characteristics  of,  441. 
utilization   of,   resulting   from   chemical 

composition,   442. 
varieties  of,  443. 
Lemons,  active  principles  of,  660. 
composition  of,  485. 
uses  of,  486. 
varieties  of,  485. 
Lentils,  447. 
Lettuce,  435. 

active  principles  of,  660. 
Leucin,  71. 
Leucocytes,  function  of,  in  fat  absorption, 

181. 
Leukomains,  foods  containing,  668. 
Levulose,  86. 
Lichenin,  91. 
Lichens,  447,  450. 
Licorice,  active  principles  of,  660. 
Lily  bulbs  as  food,  428. 
Limes,  485. 

active  principles  of,  660. 
Linseed  oil,  471. 
Lion,  as  food,  771. 
Lipase,  157. 
Lipochromes,   102. 
Liqueurs,  absinthe,  588. 
adulteration  of,  683. 
alcohol  content  of,  589. 
Angostura  bitters,  589, 
artificial  essences  in,  588. 
Benedictine,  589. 
Chartreuse,  589. 
composition  of,  588. 
cr^me  de  menthe,  590. 
curacoa,  590. 
definition  of,  587. 
effect  of,  on  digestion,  591. 
harmful  influences  of,  588. 
Kirschwasser,  590. 
Ktimmel,  590. 
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Liquptirs,  Marnnchino,  590. 

Mead.  r>lM). 

Mt'sral.  r>00. 

nietlie};lin.  ftOl 

raUifla.  M)\. 

verinmith.  r»Ul. 
LiquoFH.   f(>nn<>ntcd,  at  bercrage  of  pr»* 

cibicuIturisU,  31. 
Litchi  nuU,  ftOO. 
Lithium,  watora  contnlnlnjj,  828. 
Litiinis.  in  frnilH  and  vi>p>tabloM;  660. 
Liver,  anatomy  of.    lis. 

animal,  am  food,  2)).'). 

as  IxHlv^uard  of  MVMtein  A^^ainHt  poinonn. 
0«8. 

mineral  content  of,  267,  26 L 
Lizards,  as  food,  -77 1. 
Llama,  as  food,  77  L 
Lobster.  .304. 
Locusts,  49.3. 

as  food,  77 L 
Loganberry,  500. 
Lotus.  428. 

Lungs,  animal,  as  food,  295. 
Lupinosis,  or  latbyrism,  075. 
Lycopin,  101. 

Lymph,  mineral  content  of,  257,  26L 
Lynx,  as  food,  771. 
Lysin,  formation  of  cadaverin  from,  220. 


M 

Mace,  640. 

Maceration   of  food  in  stomach,   L34. 
Magnesium — containing    fo<xl9    with    con- 
tent estimated,  205. 
Maize,    early    cultivation    of,    among    In- 
dians, 35. 
Malic  acid,  96. 

Malt  liquors,  action  of,  on  digestion,  666. 
adulteration  of,  682. 
beers,    American,   composition   of,   table 

of,  563. 
boiling  of  the  wort,  560. 
comparison  of,  564. 
composition  of,  561. 

tables  of,  564,  565. 
consumption  of,  567. 
contents  of.  562. 
"findings"  in,  562. 
low  alcoholic,  567. 
nourishment   in,   566. 
origin  of,  559. 
Porter,  562. 
preparation  of,  560. 

cooling  of  the  wort,  661. 
fermentation,  561. 
germination  of  malt,  560. 
malt  substitutes  used  in,  560. 
worting.  560. 
"priming"  of,  562. 
stout,  562. 
Malt  sugar,  88. 


M«dlH.  I. 
•liM  to  ar 


.M. 

jlainB)H '    ,  m 

Mammary  f< 

Uli<  ir«m  411. 

MamiBM  a|>|>I«<,  4U(i. 
ManuDM  MpuU.  401. 
M«mt«,  u  food.  771. 
M^ngOMt,  prMMKw  of,  !n  body  mmd  im 

footb.  t76. 
Mango  chutiMry.  i9t. 
Mango  fruit,  402. 
.Manna,    laxative  and   nutiitlvo   qualltl#a 

of,  600. 
Maple   nap.   obUining  and   trt«lMMit  of, 

617. 
Maple  KUgar,  017. 
manufacture  of,  618. 
adulteration  of,  683. 
content  of.  018. 
weight  of,  to  gallon,  017. 
Maple  tree,   averagt  yield   of   ragar   per 

seanon  from,  6IM. 
Maraschino,  690. 
.MarHHchino  cherry.  484. 
Marmot,  as  food,  771. 
Mastication  of  food,  act  of,  121. 
in  animals,  122. 

movements  cr>ntrihuting  to,  121. 
prime  importance  of,  122. 
promotion  of  iH>rrption  of  laliTa  by,  122. 
results  of.   122.   123. 
time  consumed  in,  122. 
Matzoon,  341. 

Mav  apple,  violent  catharsU  do*  to,  601. 
Mead,  590. 
Meals,  hours  for,  134. 

length  of  intervals  between.  ISS. 
Meat,  analysis  of  variety  of,  282. 
Meat,  average  percentage  of  waste  In,  280. 
canning  of,  289.  684. 
comparative    nutritive    value    of    ejoT* 

and.  .3.'>5. 
comparative  value  of  fish  and,  304. 
composition  of,  277. 
acids.  278. 
chemical.  280. 
extractives,  280. 
fat.  278. 

mineral  substano<«,  279, 
muscle  juice,  270. 
muscle  tissue,  278. 
vitamines.  270. 
water,  281. 
cooking  of.  advantages  of,  15. 

evidences   of,   among  primitive  men. 
15. 
flOtt  of,  008. 


Iamb,  701. 
mutton.  701. 
pork.  701. 
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Meat,  cuts  of,  veal,  700. 

digestion  of,  cooked  and  raw,  15. 

in  diet  of  North  American  Indians,  23. 

food  value  of  vegetable  foods  vs.,  367. 

of  fowls.    See  Fowls. 

hare  and  rabbit,  286. 

horseflesh,  280. 

importance  of,  277. 

process    of   barbecuing   or    roasting   of, 

284. 
raw,  16. 

use  of,  16. 
stale,  300. 

tough,  action  of  papaw  on,  490. 
tul)erculous.  088. 
varieties  of,  beef,  282. 
goat,  284. 
lamb,    284. 
mutton,  283. 
opossum,  286. 
pork,  285. 
raccoon,  286. 
venison,  284. 
Meat  extracts,  beef  bouillon,  291. 
beef  extract,  287. 
beef  juice,  289. 
beef  peptones,  292. 
beef  tea,  289. 
constituents  of,  288. 
meat  powders,  292. 
nutritive  value  of,  287. 
stimulating  effect  of,  287. 
Meat  jellies,  digestibility  of,  293. 

preparation  of,  293. 
Meat  poi.soning,  009. 

botulismus  or  allantiasis,  069. 
from   unwholesome   diet   of   animal   be- 
fore killing,  073. 
kreotoxismus,  009. 
Meat  powders,  292. 

Meat    products,    animal    viscera   as   food, 
294. 
average  chemical  composition  of,  728. 
extracts,  287. 
gelatin,  293. 
jellies,  292. 
Meats,  comparative  cost  of  nutrients  and 
energy  in,  282. 
comparative  digestibility  of,  280. 
Medicinal   substances,   foodstuffs   contain- 
ing, 057-002. 
Melitose,  89. 
Melizitose,  89. 
Melon-s   513. 
canteloupe,  513. 
musk  melon.  51.3. 
watermelon.    513. 
Mental  processes,  effect  of  alcohol  on,  580. 
Me«cal,  .590. 

Metabolism,  bacterial.    See  Bacterial  Met- 
abolism, 
effects  of  alcohol  on,  580. 
influence  of  nature  of  diet  on  products 
of,  213.  ' 


Metabolism,  relation  of  bacterial  activity 
to,  212. 
of  salts  of  body,  256. 
Metaproteins,  83. 
Metheglin,  591. 
Mice  and  rats,  772. 
Microbe  action,  specificity  of,  216. 
Microorganisms,  food  containing,  687. 
Milk,  absorption  of,  312. 
adulteration  of,  334. 
advantages  of,  315. 
in  disease,  316. 
fluidity,  315. 
food  value,  315. 
alkaline  fermentation  of,  332. 
average  chemical  composition   of,  727. 
bacterial  content  of, •328. 
classes  of  bacteria,  328. 
in  bitter  milk,  331. 
in  slimy  or  ropy  milk,  332. 
in  sour  milk,  331. 
sources  of,  3.30. 
as  beverage  of  precibiculturists,   30. 
bitter,  331. 
boiled,    321. 
boiling  of,  313. 
certified,  318. 

certified    regulations    of    New    York 

Medical  Society  for,  318. 
requirements  for,  general,  319. 

special  conditions,  320. 
standards    of    American    Association 
of    Medical    Milk    Commissions, 
319. 
changes  in  separation  of  fats  as  cream, 
331. 
changes  in,  souring,  331. 
chemical   composition    of,    as    compared 
with      eggs,      beefsteak,      cream 
cheese  and  white  bread,  354. 
chemical  nature  of,  317. 
clean,  production  of,  332. 
clotting  of,  310. 

boiling  diluents  to  prevent,  312. 
colored,  332. 
comparative   analysis   of  milk  products 

and,  336. 
comparison   of   cow's    and   human,    325, 

326. 
composition  of,  308. 
accessory     substances    or    vitamines, 

316. 
casein,  308. 
comparative,     in     different     animals, 

309. 
fat,  308. 
fractional,  327. 
milk  sugar,   308. 

salts  and  suspended  matter,  308. 
Tibbies'  tables  of,  for  various  milks, 

327. 
variation  in,  326. 
composition    of    some    succulent    vege- 
tables as  compared  with,  419. 


INDEX 


803 


Milk,   conNtitin'iitH   of.   (tr^rniiic   nnd    inor- 
ganic.  HnlKMM'k'H  tniilr  of,  311. 
Van  Slyke'M  tnblo  (»f,  aiO. 
dfflnition  of,  307. 
dt»8ic('at«Ml,  324. 

c()in|MiHition  of,  325. 
composition  of  cjiHcin  and  ilrlwl  milk 
prcparntionH,  nutricntM.  per  cent, 
32r>. 
mctluHls  of  niakinj^,  324. 
use  of.  325. 
digestion  of.  310. 
fermentation  of,  double,  in  kumiM  and 

kephir,  330. 
flavors  in.  .332. 
fluidity  of,  315. 

as  a  food  rather  than  heverajje,  316. 
foo<l  value  of,  .30J).  31."». 

comparison    of,    hy    weight    miuI    ccwt 
with  other  foods.  30 1 
handling  and  care  of,  333. 

transportation,  333. 
human.  min(>ral  content  of,  261. 
infecttnl.  072. 

from  cattle  with  foot  and  mouth  dis- 
ease,  (J72. 
microorganisms  in,  687. 
modified,  325. 

ingredients  of,  326. 
not  a  perfect  food,  309,  313,  314. 
pasteurized,  320. 
home,  321. 
summary  of,  322. 
percentage  composition   and   fuel   value 
per    pound    of    whole    milk    and 
some  milk  products,  3.35. 
percentage     composition     of,     together 
with    milk    products    and    other 
foods,  329. 
preservatives  in,  use  of,  334. 
production  of  clean,  332. 
separation  of  fats  of,  as  cream,  331. 
skim,  334. 

skim,  composition  of,  334. 
slimy  or  ropy,  332. 
souring  of,  331. 
sterilization  of,  323. 

process  of,  323. 
transportation  of,  3.33. 
treatment  of,  boiling,  321. 
desiccating,  324. 
general  requirements  for,  319. 
modified.  .325. 
pasteurization,  320. 
home,  321. 
summary  of,  322. 
special  conditions  for,  320. 
sterilization,  323. 
vitamines,  of,  316. 
importance  of,  316. 
where  found,  317. 
Milk    infection,    diarrheal    diseases    from, 
688. 
diphtheria  bacilli  from,  689. 


Milk  lAitviiutt,  mrmrtrt   Irrrr  rpKimi 

to,  Mt. 
tulwrmfliiiia.  AAA, 
ly|>h«.i  r4e»d  U».  Ml. 

Mifk  |«..  .i. 

Milk   priMJutU,   AVI 
■Ition  of.  7 

I.  I 

<  8M. 


an«ly»U  of  milk  ai 


k 
k 

mnt7.4Ntn.  341. 

nutrientii  and  imrc^-  in,  32A. 

prrcentagt-  ><»n  and   furl  valit* 

P*T   1  .142. 

percentage  (-oii)|MHiiti(>n   and   furl   taluf 
jMT    pound    «if    wlioir    milk    •i>d. 
.3.35 
percent  ugr  of,     Utfprlhrt 

with  -  -••'-'  f'»id«, 

321». 
skim  milk, 
whey,   337. 
yaourt,  341. 
yoghoort,  340. 
Milk  sugar,  88,  .308. 
Millet,  401. 

com|K)Hition  of,  402. 
proHo.  402. 
varieties  of.  402. 
Milling,  primitive.  36. 
Mincemeat,  average  r)M>micaI  eompotitioo 

of,  759. 
Mineral  content,  of  blood,  257,  261. 
of  bo«ly.  255.  2.56. 
function  of.  262. 
of  bone«,  257.  561. 
of  brain.  261. 
of  excretions,  256. 
of  food,  258. 
bromin.  274. 
calcium,  265. 
chlorin.  273. 
fluorin,  274. 
iodin.  273. 
iron.  206. 
magnesium.  26S. 
manganese.  275. 
oxalic  acid.  274. 
pbosphorua,  271. 
potasaium,  260. 
silica.  274. 
sodium.  269. 
of  human  milk.  261. 
of  liver.  257.  261. 
of  Ivmph.  261. 
of  meat.  279. 
of  muscles,  257.  261. 


804 


INDEX 


Mineral  content,  of  organs,  257. 
of  spleen,  261. 
sulphur,  272. 
pf  sweat,  257. 
of  urine,  257. 
Mineral  salts,  in  body,  calcium,  264. 
ferruginous,  264. 
sodium  chlorid,  263,  264. 
daily  requirement  of,  for  average  adult, 
258. 
for  infants,  259. 
derived  from  food,  uses  of,  264. 
form  of,  in  body,  259. 
functions  of,  in  body,  262. 
importance  of,  255. 

to  body,  255,  260. 
uses  of,  to  body,  264. 
utilization  of,  2.59. 
in  vegetable  foods,  371. 
Mint,  641. 
Modified  milk,  325. 

ingredients  used  in,  326. 
Molasses,  622. 

adulteration  of,  625. 
composition    of,    difference    in,    between 
molasses  and  successive  crystalli- 
zations of  sugar,  623. 
produced  by  open  kettle  process  of  boil- 
ing, *623. 
Monkeys,  as  food,  772. 
Monosaccharids,  84,  610. 
classes  of,  pentoses,  85. 
tetroses,  84. 
trioses,  84. 
conversion  of,   into  corresponding  alco- 
hols, 85. 
hexoses,  85. 
dextrose,  85. 
galactose,  86. 
glucosamin,  87. 
inosite,  or  muscle-sugar,  87. 
invert-sugar,   86. 
.sorbinose,  87. 
levulose,  86. 
Moonshine  whiskey,  584. 
Morel,  450. 
Moths,  as  food,  772. 
Mouth,  anatomy  of,  108. 
bacteriology  of,  226. 
palate,  109. 
teeth,  110. 
Mud  baths,  537. 
Mulberry,  489. 
Muristic  acid,  99. 
.Mu.Hcle  juice,  of  meat,  279. 
Muscle,  mineral  content  of,  255,  257,  261. 
Muscle-sugar,  87. 
Muscle  tissue,  of  meat,  278. 
Muscular   action,   dependence   of,   on    fat, 

460. 
Muscular   activity,    effect   of    alcohol   on, 

573,  592. 
Muscular  work,  .sugar  as  food  for,  636. 
Mushroom,  edible,  description  of,  449. 


Mushroom,  meadow,  449. 

parasol,  449. 
Mushrooms,    toxic     substances     contained 

in,  and  tests  for  detecting,  660. 
Muskmelon,  513. 
Musk-ox,  as  food,  772. 
Mussels,  307. 
Mustard,  648. 

sulphur  compounds  of,  659. 
Mustard  oil,  471. 
Mustard  seed  oil,  470. 
Mutton,  283. 

average       chemical       composition       of, 
canned,  713. 
fresh,  712. 
cuts  of,  701. 

factors  influencing  quality  of,  284. 
Mutton  fat,  or  suet,  466. 
Mydriatic    alkaloids,    contained    in    pota- 
toes,   tomatoes    and    egg    plant, 
661. 
Mytilotoxismus,  671. 


N 

Nerve   action  in   digestive  processes,    128, 
Nervous  tissue,  mineral  content  of,  257. 
Nickel,  in  preserved  food,  685. 
Nitrates,  in  water,  242. 
Nitrites,  in  water,  241. 
Nitrogen,    amount    of,    required    daily    by 
adult,  231. 

in  solution  in  water,  239. 
Nitrogen  starvation,  280. 
Nitrogenous       extractives      of      proteins, 
amids,  83. 

betain,  83. 

guanidin,  83. 
Nitrogenous  foods,  55,  231. 
Nitrogenous  matter  in  cheese,  347. 
Nonproteid,  definition  of,  696. 
Nucleoprotein,  73. 
Nucleoproteins,  81. 
Nutmeg,  preparation  of,  649. 

tree  producing,  649. 
Nuts,  acorns,  506. 

almonds,  506. 

average  chemical  composition  of,  755. 

beechnut,  507. 

Brazil  nut,  507. 

bread  nuts,  508. 

butter  nuts,  508. 

candle  nuts,  508. 

cashew  nuts,  508. 

chestnuts,  508. 

chinquapin,  508. 

cocoanuts,  509. 

digestion  of,  505. 

filberts,  509. 

as  foods  or  as  luxury,  504. 

as  food  precibiculturists,  26. 

food  value  of,  504. 

increased  appreciation  of,  506. 
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Nutfl,  fuel  value  of,  606. 
ground  nutH,  fiUU. 
hazfl  nuts,  509. 
hickory  nuts,  r>()U. 
kola  or  (loora-nut,  656. 
litchi  i.uts,  509. 
nutritive  value  of.  504. 
pnrndiHc  nuts,  500. 
peanuts,   r)l(). 
pt'oan  n»itH,  510. 
pignoliii   nuts,  510. 
pine  nuts,  510. 
pistachio  nuts,  511. 
sapucaia  nuts,  511. 
walnuts,  511. 


Oatmeal,  composition  of,  399. 
cooking:  of,  400. 
digestibility  of,  400. 
food  and  fuel  value  of,  400. 
Oats,  active  principles  of,  660. 
composition  of,  399. 

and  of  oat  products,  table  of,  399. 
definition  and  market  form  of,  398. 
Oil,  of  cinnamon,  644. 
of  cloves,  643. 
of  coffee,  559. 
essential  or  volatile,  457. 
fats  vs.,  460. 
fixed,  mustard,  648. 
of  tea,  559. 

use  of,  by  precibiculturists,  30. 
vegetable.     See  Vegetable  Fats  and  Oils, 
volatile,  of  nutmeg,  649. 
See  also  Fats  and  Oils. 
Oils  and  fats,  97. 

acids   entering   into   formation    of   gly- 
cerin esters  of,  98. 
Okra,  438. 
Oleic  acid,  99. 
Olein,  458. 
Oleomargarin,  466. 
Olive  oil,  adulteration  of,  683. 
Olives,  494. 
Onions,  429. 

active  principles  of,  660. 
composition  of,  424. 
Opossum,  as  food,  772. 

meat  of,  286. 
Orache,  438. 

Orange,  chief  varieties  of,  486. 
composition  of,  486. 
cultivation  of,  486. 
Oranges,  active  principles  of,  660. 
Organic  acids,  acetic  acid,  95. 
benzoic  acid,  96. 
butyric  acids,  95. 
citric  acids,  96. 
formation  of,  94. 
formic  acid,  95. 
gallic  acid,  96. 


Ornaie  Mid*,  j Ijrwllk 

occur r«iM9  of.  M. 

oxalic  Mid,  M. 

•.uh.  vlic  Acid,  06. 

xtiirinir  acid,  96. 

tannir  acitf,  06. 

tartaric  arid.  00. 
Oricanic  matirr,  prwai  ol,  in  val*r.  140. 
Organio    aubaUuMM,    la    fifvtabl*    totiB, 

367. 
Ornithin.  fornuiUoa  of  patraaeia  fro«.ttO. 
Oamonia.  and  ftbaorpikm,  t04. 

deflnition  of.  205. 

aa  explanation  of  ph«adMMA  Of  thuoff- 
turn.  172. 

phy»iolf»f(i(*«l  tmporUuM  of,  t07,  t08. 
Oainotic  prcMiurr.  drflnitioa  of,  aa  applM 
to  aolutiona.  305. 

exerte<l  by  cryMtalloida.  206. 

exerted  bv  protein.  206. 
Ostrich,  aa  foo<l.  772. 

0>'ereating.    chronic,    eooditkiM    do*    t^ 
604. 

diseaACJi  due  to,  663. 

temporarv.  conditiona  doe  to,  66S. 
Oxalate  of  lime,  prcM-nce  of,  in  fooda,  274. 
Oxalates,  in  sorrel  and  tomatoes,  60S. 
Oxalic  acid,  95. 

presence  of,  in  fooda.  274. 
Oxalic  acid  poisoning,  due  to  VW  ol  rfc»» 

barb  leave**  aa  grecaa,  602. 
Oxydase,  in  tea,  541. 
Oxygen,  in  solution  in  water,  230. 
Oyster  plant,  426. 
0^'ster8,  danger  of  infection  from,  673. 

'infection  by,  689. 

food  value 'and  culture  of,  305. 


Palate,  anatomv  of,  100. 
Palm  oil,  46H. 
Palm  sugar.  61H, 
Palmitic  acid,  99. 
Palmitin,  458. 
Pancreas,  anatomy  of.  117. 

animal,  as  foixi.  295. 

induction  of  activation  of,   153. 
Pancreatic   juice,   part   played  by,  in  fat 

absorption,   180. 
Pawpaw,  490. 

action  of,  on  tough  meaU.  400. 
Paracresol.    formation   of,   from   tyroaia, 

219. 
Paradise  nuU,  600. 
Parasites,  ameba  coil,  •00. 

Anchvlottomum  dnodcBalt,  001. 

Ascafis  lumbricoidea.  666. 

bilharxia  haematobia  or  blood  fluke.  66«. 

Bothriocephalus  latuaj^'"" 

coccidium  oviforme,  ** 
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Parasites,  diseases  due  to  foods   contain- 
ing, or  ova  of,  665. 

distoma  hepaticum  or  liver  fluke,  666. 

Filaria,  or  Dracunculus  medinensis,  667. 

Filaria  sanguinis  hominis,  667. 

intestinal,  666. 

Oxyuris  vermicularis,  or  pin-worm,  666. 

Rlmbdonema  intestinale,  667. 

sources  of,  in  food,  665. 

Tenia  cucumerina,  666. 

Tenia  echinococcus,  666. 

Tenia  niediocanellata,  666. 

Tenia  saginata,  666. 

Tenia  solium,  666. 

Trichina  spiralis,  667. 

Trichocephalus  dispar,  667. 

trichomonas  intestinalis,  665. 
Parrots,  as  food,  773. 
Parsley,  642. 

to.xic  substances  contained  in,  658. 
Parsnips,  422. 

toxic  substances  contained  in,  658. 
Passaflora  edulis,  498. 
Pasteurization  of  milk,  home,  321. 

summary  of,  322. 
Pasteurized  milk,  320. 
Pastrv,  average  chemical  composition  of, 

734. 
PAte  de  foie  gras,  299. 
Pawpaw,  490. 

digestive  ferments  of,  661. 
Peach  brantV,  483. 
Peach  pits,  hydrocyanic  acid  yielded  from, 

658.* 
Peaches,  483. 
Peafowl,  flesh  of,  297. 

as  food,  772. 
Peanut  oil,  469. 
Peanuts,  510. 

Pears,  alligator  or  avocado,  495. 
Pears,  use  of,  as  food,  481. 

varieties  of,  481. 
Peas,  analyses  of,  747. 

canned,  447. 

chick,  446. 

comparison  of  beans  and,  446. 

cow,  446. 

green,  439,  440. 

field,  445. 

garden,  446. 

green,  composition  of,  440. 
Pecan  nuts,  510. 
Pectin,  .369. 

Pectin  bodies,  in  apples,  480. 
Peotose  bodies,  92,  369. 
F'olican,  as  food,  773. 

Pellagra,   alarming   increase   of,   through- 
out United  States,  678. 

chronic  nature  of,  678. 

as  a  deficiency  disease,  678. 

as  due  to  eollodial   silica   in  drinking 
water,  675. 
to  com,  396,  659,  678. 
to  lack  of  vitamines,  677. 


Pellagra,   as   due  to   restricted   one-sided, 
mainly  carbohydrate  diet,  exper- 
iments on,  677. 
to  vegetable  diet,  676. 

etiology    and    pathology    of,    recent    in- 
vestigations into,  675. 

endemic-epidemic  nature  of,  675. 

general  conclusions  on,  676. 

problem  of,  675. 
Pemmican,  466. 
Penguins,  as  food,  773. 
Pennyroyal,  active  principles  of,  661. 
Pentoses,  85. 
Pepper,  646. 
Peppermint,  641. 

medicinal  action  of,  658. 

medicinal  nature  of  oil  of,  661. 
Pepsin,  action  of,  153. 
Peptids,  83. 
Peptids  and  amino-acids  vs.  blood  protein, 

196. 
Peptones,  83. 

absorption  of,  168,  194. 
Peristalsis,   127. 

appearance  of,  139, 

pyloric  action,  137. 

views  on,  136. 
Perry,  481. 

definition  and  manufacture  of,  602. 
Persimmons,  483,  492. 

cathartic  action  of,  661. 
Pharynx,  anatomy  of,   110, 
Phenol,  formation  of,  from  tyrosin,  219. 
Phospho  esters,  aminolipins,  101. 

glycolipins,  100. 

lecithins,   100. 

phospholipins,  100. 

phytic  acid,  100. 

sulpholipins,   100. 
Phospholipins,   100. 
Phosphoproteins,  80. 
Phosphorus,  form  of,  in  foods,  271. 

percentage  of,  in  fresh  foods,  271, 
in  various   foods,   with   content   esti- 
mated, 272. 
in  water-free  substances,  271, 

presence  of,  in  body  and  in  food,  271. 
Physical  test  of  food  value,  57. 
Physiological  test,  of  food  value,  60. 
Phytic  acid,  100. 
Pickles,  651. 

adulteration  of,  652. 

average  chemical  composition  of,  751. 

cold  slaw,  652. 

sauerkraut,  652. 

sktshi,  652. 
Pickling,    common   household   method   of, 

651. 
Pidan,  358. 
Pie,  analysis  of,  742. 
Pigeons,  299. 
Pigments,  101. 

classification  of,  101. 
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Pignolia  nutn.  610. 
l*infa|)|>lo.  r)03. 

(ll^fHtivf  fiTtnonU  of,  001. 
Piiu»  nuts.  510. 
PiHtacliin  nutM.  r»I  I. 
Pluiiis,  4H2. 

Poisoninjf  bv  c1mm««o,  «71. 
by  fish,  «70. 
by  prain.  (173. 

actinomyctmiH,  079. 
boriU'ri*  {\7ih 

luplnoHis.  nr  lathy rUm,  075. 
poHajfra,  075. 

sitotoxisimis,  or  ergotism,  074. 
by  meat,  009,  673. 
by  milk,  fl72. 
protein,  192. 

ptoniain.   See   Ptomain   poisoning, 
by  shellfish.  671,  67:j. 
Poly saccha rids,  colloidal,  89. 
cellulose,  91. 
dextrin.  90. 
glycogen.  90. 
inulin.  92. 
lichenin,  91. 
maltodextrins,  91. 
pectose  bodies,  92. 
starch,  89. 
tetrasaccharids.  89. 
trisaccharids,  89. 
Pomegranate.  49.5. 

anthelmintic  properties  of,  001. 
Poppy  seed  oil,  469. 
Porcupine,  as  food,  773. 
Pork,    average    chemical    composition    of, 
canned  pork,  718. 
fresh  pork,  713. 

pickled,  salted  and  smoked,  717. 
pork  organs,  716. 
sausage,  718. 
cuts  of,  701. 
ham  and  bacon,  285. 
infected  with  Trichina  spiralis,  007. 
manners  of  eating.  285. 
Pork  tapeworm,  666. 
Potassium,  in  body,  269. 

containing     foods     with     content     esti- 
mated. 270. 
Potato,  composition  of  sweet  and  white, 
416. 
sweet,  composition  of.  414.   415.  410. 
cultivation  of,  413. 
digestibility  of,  414. 
keeping  of,  413. 
presence  of  sugar  in,  414. 
varieties  of.  413. 
toxic  substances  contained  in,  601. 
white,    composition    of,    410,    412,    415, 
416. 
cooking  of,  412. 
desiccated,  412. 
food  value  of,  412,  413. 
historj'  of,  410. 
structure  of,  410. 


Potttt4»ni.   nnnlv.ia   ..f    747. 
'•'  '    of.  10. 

.   '  *«Ty  of.  19. 

roultr^.     Hre  >o»U 
Pmwnii,  3115. 

PrvcihirulltirUU.  ttrvrriM  of»  t§, 
frrmmtnl  li(|u«ini,  7|. 

Juicr«    ».f     *r.,.l.      i|^ 

milk,  .in 
«il.   3<). 
watrr,  20. 
AM  botaniaU.  28. 
food  of.  21. 
of  Uckward  pMplas,  24. 
big  gAJM.  24. 
OMMfimtnU.  27. 
ftth  food.  26. 
.  fruiU  and  b«ni«i.  26. 
hotiey,  27. 
human  flr«h.  24. 
of  North  Amerlean  IndUias.  22. 
aeedfl,  larger,  and  nuta,  26. 
vegetable  fooda,  25. 
Preservative  mcthoda  amoM  th§  ladfaiMa, 

13. 
Preservativea.  bormz  and  hort<>  arid   aiu 
copper,  085. 
formaldehvd.  085. 
ill  effecta  of,  085. 
nickel,  085. 
proper  use  of,  085. 
salicylic  acid.  085. 
substances  used  as,  684. 
sulphite  and  bisulphide  of  aodimi,  666. 
sulphurous  acid.  085. 
Preserves,   average   chemical   eoapoaiUoM 

of.  754. 
Prickly  pear.  504. 
Primates  below  man.  diet  of.  5. 
Primitive  man.  diet  of.  2. 

methods  of  c(X)king  used  by,  21. 
Primitive   milling.  36. 
Prolamins.  78. 
Proso  millet.  402. 
Protamins.  79. 
Proteans.  83. 

Proteid.  distiaetioB  betwc^  protein  and. 
697. 
use  of  term,  696. 
Protein,  absorptioo  of,  in  rcetal  feeding. 
175. 
blood,  amino-acids  and  ps|itidB  vs..  196. 
distinction  between  proteid  aad.  697. 
foreign,  absorption  of.  190. 

relation  of.  U*  infant's  diet,  190. 
form  of.  absorbed.  189. 
meaning  of.  693. 

normal  forms  of.  when  absorbed,  194. 
percentage  of.  absorbed  from  drr  sab* 

stances  in  varkwa  fooda,  169. 
relative  absorption  of,  in  varioos  fooda, 

373. 
use  of  term.  696. 
Protein   poisoning,  albumosuria.   192. 
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Protein  poisoning,  auto-intoxication,   103. 
causation  of,  192. 

sulphuretted  hydrogen,  193. 
Protein  value,  in  vegetable  foods,  374. 
Proteins,     absorption     of,     accompanying 
changes  of  villus  and  epithelium, 
189. 
albumoses  and  peptones,   194. 
amino-acids  resulting  from  hydrolysis 

of  complex  proteins,  195. 
course  of  amino-acids  in  system,  199. 
extent  of  reduction  before,  190. 
final  processes  of,  202. 
form  of,   189. 

in  form  of  amino-acids,  196. 
manner  of,   188. 
normal  course  of,  198. 
normal  forms  of,  after,  194. 
relation  of  amino-acids  to,   19^,   196. 
relation  of,  to  infant's  diet,  190. 
action  of,  73. 

in  media,  221,  222. 
albumoses,  absorption  of,  194. 
aqiino-acids  in,  67. 

table  of,  66. 
basic,  79. 
chemical  classification  of,  73. 

by  American  biochemists,  75. 
chemistry  of,  amino-acids,  67. 

disintegration  products  of,  70. 
chemistry  and  physiology  of,  65. 
chiefly    affected    in    waste    of    food    by 

overtaxed  digestion,   133. 
classification  of,  in  order  of  formation, 

196. 
coagulable,  75. 
coagulated,  83. 
complex,     amino-acids     resulting     from 

hydrolysis  of,  195. 
conjugated,  80. 

chromoproteins,  80. 
glyco-  or  glucoproteins,  80. 
lecithoproteins,  82. 
nucleoproteins,  81. 
phosphoproteins,   80. 
of  cow's  milk,  or  caseinogen,  192. 
definition  of,  65. 

derivatives  of,  utilization  of,  in  bacter- 
ial metabolism,  218. 
derived,  82. 

primary,    protein    derivatives,   coagu- 
lated proteins,  83. 
metaproteins,  83. 
proteans,  83. 
peptids,  83. 
peptones,  83. 
proteoses,  83. 
digestion  of,  74. 
factor  of,  693. 

ingested,  final  processes  of,  202. 
mineral  content  of,  262. 
nitrogenous  extractives  of,  amids,  83. 
iM-Uiin,  83. 
guanidin,  83. 


Proteins,    osmotic    pressure    exerted    by, 
206. 
peptones,  absorption  of,  194. 
relation  of,  to  infant's  diet,  190. 
simple,  albuminoids,  78. 
albumins,  75. 
globulins,  78. 
glutelins,  78. 
histons,  79. 
prolamins,  78. 
protamins,  79. 
in  vegetable  foods,  370. 
of  wheat,  378. 
Proteoses,  83. 

Proximate  principles  of  food,  54. 
chemistry  and  physiology  of,  63. 
hydrocarbons,  92. 
inorganic  salts,  102. 
table  of,  76,  77. 
water,  103. 
Prunes,  482. 

damsons,  482. 
Ptomain    poisoning,   botulismus,    allantia- 
sis of  sausage  poisoning,  669. 
galactotoxismus,  or  milk  poisoning,  672. 
ichthyotoxismus,  or  fish  poisoning,  670. 
kreotoxismus,  or  meat  poisoning,  669, 
mytilotoxismus,    or    shellfish   poisoning, 

671. 
symptoms  of,  669. 

tyrotoxismus,  or  cheese  poisoning,  671. 
Ptomains,  absorption  of,  668. 
foods  containing,  668. 
liver   as  bodyguard   of   system  against, 
668. 
Ptyalin,  122,  129. 
Pumpkin,  514. 

toxic  substances  contained  in,  659. 
Pumpkin    seeds,    use   of,    as    anthelmintic 

and  as  food,  661. 
Purin  bodies,  compounds  of,  81. 
pyrimidin  bases,  82. 
transformation  of,  by  enzymes,  to  other 
members  of  group,  82. 
Putrescin,    formation    of,    from    ornithin, 

220. 
Pyloric  action,   137. 
Pyrimidin  bases,  compounds  of,  82. 


Q 

Quince,  482. 
Quinoa,   403. 

composition  of,  403. 

nutrients,  per  cent,  403. 


Rabbit  meat,  286. 
Raccoon,  flesh  of,  286. 
Radishes,  423. 

composition  of,  423,  424. 

sulphur  compounds  of,  659. 
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T^nisins.   497. 

Hape  oil.  471. 

HasplM-rrv,  r)()0. 

Hn tafia.  M)\. 

Rats  and  mice,  an  food.  772. 

Raynau<r«  «liHeaiio,  simulated  by  rrffotUm. 

«75.  '       '^ 

Rwtal  f.MMlinjr,  ahiMirptlon  of  fata  In,  17rt. 

ahsorptioM  of  protrin  in,    175. 

absorption  of  salt  and  water  In.  17ft. 

advantup'    of.    in    ahaorptivi*    ))ow«>r   of 
lar^jo  intestine  for  hhU  an<l  untor. 
175. 
Rectum,  anatomy  of,  116. 
Refuso.   definition   of.   695. 
Reindeer,  as   food.   773. 
Rennet,   in  ehrese   manufarture.  .142. 
Reptiles,     unusual,     somotimes     uned     for 
footi.      See    Animal    Foo<l,    unun 
ual. 
Reversibility  of  enxyme  action,  150. 
Rhinoceros,  as  food,  773. 
Rhubarb,  4.35. 

contraindications  to  use  of,  6G1. 
Rice,  389. 

coniposition  of,  .390. 

cultivation   of.  390. 

digestion  and  absorption  of,  390. 

"polished,"  beriberi  due  to,  662,  679. 
its  insufficiency,  391. 
Roebuck  berry,  500. 

Root  food  of  North  American  Indians,  3. 
Root  vegetables,  arrowhead  tubers,  426. 

beets,  421. 

carrots.  421. 

celeriac,   427. 

common  succulent,  418. 

dahlias,  426. 

garlic,    429. 

horseradish,  425. 

kohl-rabi,  425. 

nutritive  food  value  of,  420. 

parsnips,   422. 

salsifv  or  ovster  plant,   425. 

shallot,   430* 

.skirret,  425. 

succulent,  composition  of,  420. 

turnips,  423. 

water  chestnuts,  426. 

yautia.  417. 
Roots,  condiments  from,  644. 

as  food  of  precibiculturists,  22,  26. 

as  staple  of  diet  of  primitive  man,  3, 
22. 

starch-bearing,  composition  of,  418. 
Roots  and  tubers,  409. 

classes  of.  410. 

composition   of,  420. 

dasheen,   428. 

Jerusalem   artichoke,   416. 

lotus,  428. 

onions,  429. 

potato,  sweet,  413. 
white,  410. 


RooU  ttml  tutim.  alarhya.  417. 

Uplora.  429. 

taro  tuiirr*.  417. 
HoM>  apple.  401. 

HoM^ary,  mrdirinal  nalurr  of  oil  "1  m* 
Itiitn.  Drmrrara,  AMU 

improirmimt  of,  w(lh  agr.  6117. 

Jamaica.  6iUI. 

prtMTM  of.  6MI. 
Ry«»  eonponmi  elrmenu  »f.  40n 

poitMiiiK  from.  074. 

■ttbiwt   to   smut   Ju.«    »-^'— •    t.^^„,„g. 
•61. 

UMOl,  400. 


Saccharin,  effect  of,  026. 

nature  of.  026. 

negative  qualities  of,  i 

UM*  of.  620. 
Saccharoae.  87. 
Saffron.  643. 

medicinal  action  of. 
Sage,   040. 

medicinal  action  of.  656. 

medicinal  nature  of  oil  of,  661. 
Sago.   428. 
Salads.  652. 

average  chemical  compoaition  of.  760. 
Salicylic  acid,  06. 

as  food  preaenratWe,  685. 
Saline  solutionA.  abaor|>CkNi  of,  109. 
Saliva,  action  of.  120. 

amylolytic   action  of.  Infhienee  of 
perature  on,  125. 

composition  of.  124. 

function  of.  in  proceM  of  digeatkm,  124. 

secretion  of.  a  reflex  action.  126. 
.Salivary  glands,  parotid,  116. 

of  primitive  man.  41. 

sublingual.  117. 

submaxillarv,  116. 
Salsify,   425.  ' 

Salt,  absorption  of.  in  large  Intcwtine,  175. 
in  rectal  fee<linj;.   176. 

action  of,  as  condiment,  27. 

composition  of.  060. 

evaporation  of  brine  from  aalt  sprUifS 
650. 

mines  containing.  050, 

value  of.  to  animal  life,  266. 
to  man.  256. 

varioua  actiona  of.  661. 
Salta,  abflorption  of.  168. 

inorganic.  102. 

present  in  milk,  308. 
Sandwich,    average   cbemical   cooipotittal 

of.  769. 
Sapodilla.  401. 
Sapucaia  nut*.  511. 
.Saraaparilla.  602. 
Saaaafraa.  046. 

aaUaeptic  voUtile  oil  of. 
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Sauerkraut.  652. 

Sausage,  average  chemical  composition  of, 

718. 
Sausage  poisoning,  669. 
Savorv,  medicinal  action  of,  658. 
Scallops,  207. 

Scarlet  fever,  due  to  milk  infection,  689. 
Scleroproteins,  78. 
Sea  foods.     -See  Shellfish. 
Seakale.  434. 
Seal,  as  food,  773. 
Seasonal  variation  of  diet,  40. 
Secretin,  65. 

action  of,  154,  157. 
action  of  condiments  on,  28. 
activity  of,  154. 
effect  of  alcohol  upon,  574. 
Seeds,  condiments  from,  647. 

large,  as  food  of  precibiculturists,  26. 
small,  as  food  of  precibiculturists,  25. 
Serin,  formula  of,  71. 
Service  berry,  499. 
Sesame  oil,  469. 
Shaddock,  487. 
Shallot,  430. 
Sharks,  as  food,  773. 
Sheep,  age  for  killing  of,  284. 
nature  and  use  of,  283. 
varieties  of,  284. 
Shellfish,  average  chemical  composition  of, 
canned,  725. 
fresh,  724. 
chemical  analysis  of,  304. 
crustaceans,  304. 
carmotes,  305. 
clams,  307. 
crabs,  304. 
lobster,   304. 
mollusks,  305. 
mussels,  307. 
oysters,  305. 
prawns,  305. 
scallops,  307. 
shrimps,  305. 
snails,  307. 
Shellfish  poisoning,  671. 
Shrimps,  305. 
Silica,  presence  of,  in  body  and  in  foods, 

274. 
Sirup,  adulteration  of,  625. 
color  of,  623. 

definition  and  kinds  of,  622. 
sorghum,  624. 
Sirups,  commercial,   624. 

composition  of,  percentages,  625. 
mixed,  624. 
Sitotoxismus.  674. 
Skim  milk,  334. 

composition  of,  334. 
Skirret,  425. 
BkUhi,  652. 

Skull,  evolution  of  man  in  shape  and  de- 
velopment of,  9. 
Slippery  elm,  as  a  demulcent,  662. 


Sloths,  as  food,  774. 
Snails,  307. 

as  food,  774. 
Snakes,  as  food,  774. 
Sodium,  in  body,  269. 
Sodium-containing     foods,     with     content 

estimated,  270. 
Sodium  chlorid,  amount  of,  necessary  for 
health,  269. 

importance  of,  to  body,  263,  264. 

use  of,  as  condiment,  264,  269. 

waters  containing,  528. 

See  also  Salt. 
Sorbinose,  87. 
Sorghum  sirup,  624. 
Sorrel,  438. 

oxalates  contained  in,  662. 
Soups,    average   chemical  composition   of, 

758. 
Sour  apple,  489. 
Soy  bean  oil,  471. 
Soy  bean  sauce,  445. 
Soy  beans,  composition  of,  444. 

food  value  of,   444. 

preparations  made  from,  445. 
Spearmint,  641. 

medicinal  nature  of  oil  of,  661. 
Spices,  contra-indications  to,   639. 

rOle  of,  639. 

value  of,  639. 

See  also  Condiments. 
Spiders,  as  food,  774. 
Spinach,  434. 

composition  of,  432. 

winter,  or  orache,  438. 
Spleen,  anatomy  and  physiology  of,  118. 

mineral  content  of,  261. 
Spotted  crake,  as  food,  774. 
''Spring  lamb,"  Canadian  goat  meat  sold 

for,  284. 
Spruce  beer,  568. 
Squash,  514. 

toxic  substances  contained  in,  659. 
Squirrels,  as  food,  774. 
St.  John's  bread,  493.       " 
Stachyose,  89. 
Stachys,  417. 
Star   apple,  492. 
Starch,  89. 
Starches,  analyses  of,  743. 

as  carbohydrate  in  reserve,  367. 

cellulose  covering  of,  in  vegetables,  369. 

conversion   of,   into   soluble  starch   and 
dextrin,   369. 

in  vegetable  foods,  367. 
Starch  granules,  action  of  cooking  on,  369. 

formation  of,  369. 

digestion  of,  ptyalin  in,  122. 
Steak,  chemical  composition  of  poultry  in 

comparison  with,  298. 
Stearic  acid,  99. 
Stearin,  458. 
Sterilization,  of  food,  in  stomach,  140, 

of  milk,  323. 
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Steriliration,  of  milk,  prooMt  of,  S23. 

SterolH,  1)3. 

StiiuulantH.  dennition  and  action  of,  668. 
Sfc  also  Alcohol  nnd  Alroholio  Drink*. 
Stomach.  uhMorption  in.  103. 
of  carholiydratcR,  186. 
anatomy  ofj  111. 
bactcriolojfv  of,  227. 
course  of  dif^stion  in,  164. 
functions  of,  absorption  of  food,  141. 

maceration  of  fotul,   134. 
juices  of.     8cc  Oastric  Juice,  180. 
movements   of,   stutly   of,   by   mt^ann   of 

Rttntgen  rays,*  134. 
regulation  of  temperature,  140. 

as    a    reservoir    for   chymiflcation    of 

fwHl,    133. 
sterilization  of  fotnl,  40. 
Stomach  and  intestines,  animal,  as  food, 

296. 
Strawberry,  501. 
Succinic  acid,  96. 
Succus  entericus,  157. 

interaction  of  enzymes  in,  168. 
Suet,  466. 

Sugar,  absorption  of,  168. 
Sugars,  analyses  of,  743. 
as  an  article  of  diet,  609. 
by  natives  of  India,  637. 
assimilation  of,  633. 

comparison  of  different  kinds,  634. 
beet,   physical    properties   of,   compared 
with    those   of    raw   cane    sugar, 
616. 
manufacture  of,  615. 
burnt,  or  caramel  or  black  jack,  622. 
by-products    in     manufacture    of,    mo- 
lasses, 622. 
sirup,  622. 
cane,  "first,"  614. 

manufacture  of,  611-614. 

physical  properties  of,  compared  with 

those  of  raw  beet  sugar,  616. 
raw,  612,  614. 
raw  and  refined,  614. 
"second,"  614. 
"third,"  614. 
as  circulating  carbohydrate,  367. 
concentrated  nature  of,  635. 
consumption  of,  per  capita,  in  different 
countries,  635. 
per  capita,  in  leading  countries  of  the 

world,  620. 
in  United  States,  619. 
cube,  621. 
dangers  incidental  to  great  increase  in 

dietetic  use  of,  636. 
diabetic,  85. 

digestibility  of,  631,  634. 
effect   of,    in    lessening  muscle    fatigue, 

637. 
as  a  fat-sparer,  636. 
fattening  properties  of,  636. 
fermentation,  tendency  to,  632. 

53 


Buirani.  f*nii#iiUtkNi,  tjpm  of.  •». 

varirtira  of.  69t. 
aa  fcMMl.  1um\  valtt*  of,  CM,  Ut. 

for  mtiarular  work.  636. 
furl  vMlur  r>f.  «•  a  foud,  6S6.  6M. 
i:  ■    ■     ■  1. 

1  Miln  du9  to.  eai. 
"H  bMlth  of  gnmitig  tkil- 


irriUting  rfffct  of  atrnaf  aolofloaa  of. 

on  Umum,  OJI. 
loaf,  020. 

maplr.  olitaining  aap  fron  tr«>o  for.  €17. 
of.  038. 
flIH. 

021. 

prfdigmtrd,  031. 

production    of.    compariaon    of.    fraa 
•ugar  cane,  sugar  bret.  sorglittM 
csnc.   msple   trr«   sap  and   palM 
tree  nap,  010. 
by  countries,  010. 
aa  a  proteid-sparer,  636. 
rock  candy,  021. 

sorghum,  source  a«d  cultiratioo  of.  616. 
adaptable  for  growing  on  anall  scale. 

617. 
See  Sugar,  norghum. 
sources  of,  in  nature.  010. 
date  palm  trees,  018. 
maple  tree.  017. 
sorghum    plant,    or    *TMiiaao    sqgsr 

cane,"  610. 
sugar  beet,  614. 
sugar  cane,  609. 
undigested.  631. 
use  of  honey  in  place  of,  629. 
varieties    of,    monosaeeharida,   or    glo* 

coses.  010. 
in  vegetable  foods,  367. 

disaccharids,  or  sucroacs.  610. 
Sugar  apple,  490. 

Sugar  beet,  compoaiticm  of  and  its  Juice. 
615. 
cultivation  of,  015. 
history  of,  614. 
Sugar  beet  industry.  015. 
Sugar  cane,  composition  of,  and  its  Juice. 
611. 
countries  producing,  610. 
description  of.  609. 
"graining  or  crystallizatioa**  of,  612. 
hi8t«>ry  of.  OOO.'OIO. 
juice  of,  procedure  with,  611. 
"mass*  cuite."  013. 
procedure  with.  Oil. 
propagation  of.  Oil. 
Sugar  drops.  027. 

Sugar  industry.  derdopoMBt  of.  635. 
Sugar  refining,  principles  of,  620. 

sugars  requiring.  020. 
Sugar  Tinegar,  005. 
Sugars,  amyloae  groap  of,  80. 
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Sugars,  cane  sugar  group,  or  disaccharida, 

87. 
grape  sugar  group,  or  monosaccharids, 

84. 
raffinose  group  of,  89. 
Sulphite  and  bisulphite  of  sodium  as  food 

preservative,  685. 
Sulpholipins,   100. 
Sulphur,  presence  of,  in  foods,  272. 
Sulphur-containing    foods,    with    content 

estimated,  272. 
Sulphuretted    hydrogen,    toxic    effects    of, 

193. 
Sulphurous    acid,    as    food    preservative, 

685. 
Summer  savory,  641. 
Sunflower  seed  oil,  471. 
Swallowing.     See  Deglutition. 
Swans,  as  food,  774. 
Sweat,  mineral  content  of,  257. 
Sweet  basil,  641. 
Sweet  marjoram,  641. 
Sweetbreads,  pancreas    ("belly"),  295. 
thymus    gland     ("neck"    or    "throat"), 

295. 
Swordfish,  as  food    774. 


Tallow,  466. 
Tamarind,  493. 
Tannic  acid,  96. 
Tapeworms,     See  Parasites. 
Tapioca,  429. 

toxic  substances  contained  in,  662. 
Tapir,  as  food,  775. 
Taro  tubers,  417. 
Tarragon,  642. 
Tartaric  acid,  96. 
Tea,  adulteration  of,  683. 

amount  of,  consumed,  545. 

cafTein  in  different  varieties  of,  543. 

China  and  Indian,  541. 

composition  of  cup  of,  542. 

cultivation  of,  540. 

"drawing"  of,  542. 

green  and  black,  540. 
composition  of,  541. 

before  and  after  preparation  of  tea 
leaves,  642. 

oil  of,  559. 

proper  method  of  infusing,  544. 

quality  of,  541. 

tannin  in  different  varieties  of,  543. 

toxic  substances  contained  in,  659. 
Tea  plant,  540. 
Teeth,  evolution  of,  45. 

summary  of,  in  connection  with  evo- 
lution of  digestive  system,  47. 

form,  structure  and  number  of,  110. 
Temperature,     effect     of     alcohol     upon, 

672.  ^ 

Terpenea,  93. 
Terrapin,  305. 


Tests,  of  food  value,  57. 
chemical,  57. 
economic,  60. 
physical,  57. 
physiological,  60. 

physiological,    of    digestibility    of   food, 
162. 
Tetrasaccharids,  stachyose,  89. 
Tetroses,  84. 

Thermal  saline  waters,  530. 
Thyme,  642. 

medicinal  nature  of  oil  of,  661. 
Thymus  gland,  animal,  as  food,  295. 
Tin   poisoning,  from   preserved  food,  685. 
Tissue  formers,  56. 
Toad,  as  food,  775. 
Tomato  seed  oil,  471. 
Tomatoes,  437. 

oxalates  contained  in,  662. 

toxic  substances  contained  in,  661. 
Tongue,  of  animals,  as  food,  295. 
Tonka  bean,  648. 
Tortoise,  as  food,  775. 
Toxemia,  alimentary,   193. 
Toxic    substances,    foodstuffs    containing, 

557-662. 
Toxins,  668. 
Triatomic  alcohols,  93. 
Trichiniasis,  cause  and  prevention  of,  667. 

symptoms  of,  667. 
Trionyx  ferox,  as  food,  775. 
Trioses,  84. 
Tripe,  295. 
Trisacchi^rids,  melitose,  89. 

melizitose,  89. 
Truffles,  449. 
Trypsin,  action  of,  152. 
Tryptophan,  formation  of  indol  from,  218. 
Tuberculous  meat,  688. 

milk  infection,  688. 
Turkey,  flesh  of,  297. 

varieties  of,  297. 

wild,  299. 
Turmeric,   644. 
Turnip,  composition  of,  424. 

cultivation  of,  423. 

sulphur  compounds  of,  659. 

use  of,  as  food,  423. 

varieties  of,  423. 
Turnip  tops,  439. 
Turtles,   305. 

as  food,  775. 
Typhoid  fever,  due  to  milk  infection,  689. 

due  to  oysters,  689. 

due  to  water,  243. 
Tryosin,    formation    of    paracresol    from, 
219. 

formation  of  phenol  form,  219. 
Tyrotoxismus,  671. 
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Urine,  mineral  content  of,  257. 
Ustilago  maidis,  source  of,  661. 
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Vanilla,  active  princtplen  of, 
Vanilla  iM'an,  (J47. 
N'l'ul,    av«'raj?t»    chi'mical    compMlilon    of, 
fr»'«h.  7(M). 
veal  orj^anN,  711. 
cuts  of,  7()0. 
Vegetable     and     animal     foodii,     relative 
valuoa  of.  50. 
unclassified,  average  elieniiottl  eompoei* 
tion  of,  758. 
Ve|^«table  fats  and  oils,  4«7. 
absorption  of.  407. 
almond  oil,  4«9. 
apricot  kernel  oil,  471. 
cacao  fat.  470. 
coconnut  oil,  470, 
corn  oil,  471. 
cottonstH'd  oil.  470. 
linsee<I   oil,  471. 
mustard  oil,  471. 
mustard  sewl  oil,  470. 
olive  oil.  4(»9. 
palm  oil,  408. 
peanut  oil,  409. 
poppy  seed  oil,  469. 
rape  oil,  471. 
sesame  oil,  409. 
soy  bean  oil,  471. 
sunflower  seed  oil,  471. 
tomato  seed  oil,  471. 
value  of,  407. 
Vegetable  foods,  algae,  450. 

average   chemical    composition    of.    729- 

757.     tiee  also  special   subjects, 
bulky,  digestion  and  absorption  of,  372. 
carbohydrates     in,     pectin     or     pectoee 
bodies,  309. 
starch,  307. 
sugar,   307. 
cellulose  as  factor  in  digestion  and  ab- 
sorption of,  372. 
cereal  breakfast  foods,  404. 
cereals,  375. 
barley,  401. 
bread,  384. 
buckwheat,  404. 
corn,  392. 
flour,  280. 
kaoling,  403. 
millet,  401. 
oats,  398. 
proso  millet,  402. 
quinoa,  403. 
rice,  389. 
rye,  400. 
wheat,  376. 
chemical  characteristics  of,  365. 
constituents    of,    inorganic    substances, 
300. 
nutritive  substances,  367. 
organic  substances,  367. 
vs.  those  of  human  body,  366. 


XrirrUhb  foods.  «M|  of.  4Jt. 

diffrntiao  «ad  ftteorpUo*  of*  971. 

uf  Imlky  vtvrt«t>te  futMl*   art. 

crIlultMr 

rttrct  of  '•'irptlM 

on  nutnt. 

farturn  ctinrrr  i 

r«kUve  ebwrptifm  at  prtHrin  m  va* 
rioM  foQde,  tit, 

Ublt  abowinir  rvkitiw  elMorpUiNi  af 
MUM  animal  ami  vntruble  fao4«, 
872.  ^^ 

faU  in.  .170. 

food  value  of.  va.  niMit.  3€7. 
funjcl.   Ilrhmn.  al|raf.  447. 
fungi  iir«wf«*«l.  agar  agar.  4AI. 
greet!  vegvUblffiK  430. 

ariiebaM  gnene,  4S7. 

aaparagtM,  4Se. 

cabtMge.  43.1. 

celery,  435. 

chickorv.  438. 

com|io<iition  of.  430.  431,  4IS. 

eookins  of.  431. 

dandelionn.  4.18. 

digestibility  of.  431. 
cookeil.  4.13. 
raw.  4.13. 

endive,  437. 

food  value  of.  430. 

greens  or  pot  herba,  439. 

kttuce.  435. 

okra.  4.18. 

orache.  4.18. 

peas  and  beans,  439. 

rhubarb,  436. 

shelled  beuis.  439. 

sorrel.  438. 

spinach,  434. 

tomatoes.  437. 

turnip  tops,  439. 

water  cress,  430. 
inferior  substances  in,  370. 
inorganic  substances  in,  360. 
legumes  or  pulses,  dried,  441. 

lentils,  447. 

peas.  445. 
lichenn,  447,  450. 
mineral  salts  in.  371. 
of  Xorth  American  Indiaas,  tt. 
nutritive  subittances  of,  e«rbohjdr»tai^ 
367. 

faU.  370. 

inferior.  370. 

proteins.  370. 

water  and  mineral  salts,  371. 
nutritive  value  of,  374. 

effect  of  inooniplet«neas  of  ahsocpMoM 
on.  373. 

protein    value:    the   vegeiariaa   qM*- 
tion.  374. 
organic  substances  in.  367. 
proteins  in,  370. 
relative  cost  of  animal  and,  37ft. 
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Vegetable  foods,  roots  and  tubers,  409. 
arrowhead  tubers,  426. 
celeriac,  427. 
classes  of,  410. 
dahlias,  426. 
dasheen,  428. 
garlic,  429. 

Jerusalem  artichoke,  416. 
lilv  bulbs,  428. 
lotus,  428. 
onions,  429. 
potato,  sweet,  413. 

white,  410. 
sago,  428. 
shallot,  430. 
stachys,  417. 
tapioca,  429. 
taro  tubers,  417. 
water  chestnuts,  426. 
yautia,  417. 
root  vegetables,  beets,  421. 
carrots,  421. 
common   succulent,  418. 
composition  of,  420. 
horse  radish,  425. 
kohlrabi,  425. 
nutritive  value  of,  420. 
parsnips,  422. 
radishes,  423. 
salsify,  425. 
skirret,  425. 
turnips,  423. 
vitamines  in,  378. 
water  in,  371. 
Vf^getable  marrow,  514. 
Vegetables,  canning  of,  684. 
cooking,  of,  16. 
as  food  of  precibiculturists,  roots,  25. 

seeds,  small,  25. 
influence    of    cultivation    of    nutritive 

properties  of,  5. 
as  main  food  of  primitive  man,  2. 
oil-bearing,    percentage   composition   of, 

468. 
various,  analyses  ol,  745-746. 
Vegetarian  question,  374. 
Venison,   284. 
Vermouth,  591. 
Vinegar,  603. 

cider  or  apple,  602,  605. 
glucose,  605. 
malt,  605. 

meaning  of  term,  605. 
"mother"  of,  603. 
perry,  602. 
Hugar.  605. 
wine,  605. 
V'inegar  plant,   603. 

Viscera,  animal,  as  food.    See  Animal  Vis- 
cera as  Food. 
VMtamines,  64. 
action  of.  234. 
"curative,"  235. 
deHtruction  of,  by  heat.  279. 


Vitamines,  foods  containing,  235. 

growth-producing,  foodstuffs  containing, 

235. 
importance  of,  378. 
of  meat,  279. 
in  milk,  316. 

importance  of,  316. 
where  found,  317. 
nature  and  r61e  of,  234 
pellagra  due  to  lack  of,  677. 
Volatile  esters,  97. 
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Walnuts,  511. 

Walrus,  as  food,  775. 

Water,  absorption  of,  167,   169. 

in  large  intestine,   175. 

in  rectal  feeding,  175. 

lymphatic,  171. 
action  of,  on  digestion,  520. 
appearance  of,  238. 
bacteria  in,  242. 

bacillus  coli  communis,  243. 

cholera  germs,  243. 

detection    of,    by    chemical    analysis, 
245. 

typhoid  bacilli,  243. 
bacterial  activity  in,  240. 
as  beverage  of  precibiculturists,  29. 
boiling  of,  application  of,  to  cookery,  20. 

history  of,  17. 
chemical    and    bacteriological    analysis 

of,  245. 
color  of,  239. 
composition  of,  238. 
course  of,  in  system,  introduction,  171. 

lymphatic  absorption,  171. 
diaphoretic  function  of,  250. 
as  digestive  aid,  249,  250. 
distillation  of,  245. 
diuretic  function  of,  250. 
for  drinking,  chemical  and  bacteriologi- 
cal  analysis  ol,  245. 

distillation,  245. 

temperature  of,  250. 

time  of,  250. 
eliminative  function  of,  248. 
function  of,  as  food,  248. 
ice  and  snow,  244. 
impurities  of,  522. 
medicinal   use  of,  by  primitive  people, 

30. 
necessity  of,  249,  519. 
odor  of,  239. 

parasites  found  in,  665,  667. 
percentage  of,  in  fish,  301. 

in  meat,  281. 
physical    and    chemical    properties    of, 

238. 
potable,  522. 
as  proximate  principle  of  food,  103. 
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VVator,  pure.  237. 

qualitative  i-xaiiiination  of.  tnhli-  nhow 
iufi   roa^fiitn   n..-.— ntv    i..r    'J4fl, 
247. 
river,  245. 
sources  of,  244. 
ice  and  «now,  244. 
river.  245. 

8prin>;8  and  wella,  244. 
Bprinjj,  244. 

BubstanceM    in    Hohitifm    and   iiusi 
in.  ammonia,  241. 
bacteria,  242. 
carbon  dioxid,  240. 
chlorins  and  chlorids,  242. 
nitrates,  242. 
nitrites,   241. 
nitrogen  and  oxygen,  230. 
organic  matter,  240. 
sulphated  iron,  532. 
taste  of,  239. 

therapeutic  value  of.  2.'>0.  2.'»1. 
uses  of,  in  human  system,  as  aid  in  di- 
gestion, 240. 
diuretic  and   diaphoretic,  260. 
eliminative,  248. 
as  food,  24.">. 
summary  of,  251. 
value  of,  237. 
in  vegetable  foods,  371. 
well,  244. 
Water  chestnuts,  426. 
Water  cress,  436. 

sulphur  compounds  of,  659. 
Water  cures,  537. 

Water  drinking  at  meal  time,  519,  538. 
conclusions  on,  538. 
eflFect  of,  538. 
Watermelon,  513. 

Waters,  alkaline,  alkaline  acidulous,  525. 
alkaline  nuiriated  acidulous.  525. 
alkaline  saline  acidulous,  525. 
simple  acidulous.  525. 
springs   supplying,  in  United  States, 

527. 
table  of.  .529. 
arsenic  and  iron.  532. 
bitter  or  purgative,  523. 

analysis  of,  525. 
bromin   and  iodin,  528. 
calcic,  535. 

chemical  composition  of,  636. 
sources  of.  in  America,  5.36. 
carbonated  iron,  532. 
chalybeate  and  ferruginous,  532. 
American.  533. 
carbonated  iron,  532. 
iron  and  arsenic.  532. 
purgative  chalybeate,  532. 
sulphated  iron,  532. 
table  of,  534. 
classification    of.    according    to    Rivers 

Pollution   Commission,  521. 
according  to  Rosenau,  521. 


Watrm.  acvonliiig  to 

Mlft.  At  I. 

forrugiadtas,  MS. 
In»,  Aatrtoui,  fl 

Imh  anil  aramir. 
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mineral,  ^23. 
•UmIIm,  MS. 
ratrtr.   ASS. 
rhajyliratr  «n«l   frr 

plirifiit  i\.-    or    tiilf^r 


put,  :   bittrr.  523. 

annlVHiH  of.  525. 
Ubie  of.  526. 
purgative  rhalybrate.  SM. 
naline,  bromin  and  iodin* 
lithium  prmrnt  in, 
nimple  nodium  chlorid.  SSS. 
table  of.  531. 
thermal  Mlinf.  530. 
sodium  chlorid.  528. 
sulphurout.  533. 

American  source*  of,  S3S. 
table.  522. 

analvsin  of.  523. 
Uble  of,  .524. 
therapeutic,  523. 
therapeutic  efTectii  of.  523. 
thermal,  mud  bathH,  537. 

principal  springs  of.  in  United  8tat#m, 
636. 
thermal  saline,  530. 
Waxes,  definition  of.  90. 
Wether,  flesh  of,  2H4. 
Whale,  as  food,  775. 
Wheat,  376. 
analysis  of,  and  of  products  of  roller 

milling.  381. 
cerealin  layer  of,  378. 
composition  of.  cerealin  layer,  378. 
germ,  or  embryo,  378. 
gliadin,  379. 
gluten.  378. 
glutenin.  370. 

internal  substsnee  or  kernel.  S78L 
p«>rcentagefl,  of  entire  ffniin.  37t. 
percentages,  of  parts  of  grain.  S7t. 
elements  of  component  parts  of  grains 

of.  376 
importance  of,  as  foodstuff.  376. 
origin  of.  as  fitodstuff,  376. 
Wheat  brea<l.  composition  of  eooked  eom 

preparniions  snd.  396. 
Whej,  eonpMition  and  nutritivo  vmlw  of. 

formation  of,  SSI. 

home-made^  337. 
Whey  cure.  337. 
Whiskey,  definition  of. 
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Whiskey,  grain,  583. 

Kentucky  Bourbon,  583. 

malt,  582. 

Monongahela.  583. 

Moonshine.  584. 

patont-still,  584. 

pot-still,  584. 

Scotch  and  Irish,  583. 

sour  ma^h.  584. 

sweet  mash,  584. 
Whortleberry,  408. 
Wine,  adulteration  of,  682. 

composition  of,  594. 

how  produced.  594. 

preparation  of,  595. 

process  of  fermentation  of,  595. 

acid,  597. 

aroma  and  bouquet  of,  598. 

aromatic,  596. 

classification  of,  according  to  character 
and  composifon,  596. 

composition  of.  598. 
table  of,  599. 

daily  use  of,  602. 

effect  of,  on  digestion,  600. 

natural,  596. 

perfect.  597. 

rough,  597. 

sophisticated,  598. 

as  source  of  nutriment,  601. 


Wine,  sparkling,  597. 
champagne,  597. 

strong  dry,  596. 

strong  sweet,  596. 

use  of,  601. 
Wine  vinegar,  605. 
Wintergreen,  642. 
Wolves,  as  food,  775. 


Xanthophyll,  101. 
Xylan,  85. 


Yautia,  417. 

Yeast,  compressed,  average  chemical  com- 
position of,  757. 
Yoghoort,  bacteria  and  making  of,  340. 

composition  of,  340. 

digestibility  of,   341. 


Zinc,  in  preserved  food,  685. 
Zulus,  carrion  or  decomposed  flesh  as  food 
of,  775. 
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